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RULES 



OF THE 



JIMEBICAN SOCIEIT OF MECHANICAL ENGINEEPS. 



OBJECTS. 

Art. 1. The objects of the American Society of Mechanical 
Engineers are to promote the Arts and Sciences connected with 
Engineering and Mechanical Construction, by means of meetings 
for social intercourse and the reading and discussion of professional 
papers, and to circulate, by means of publication among its mem- 
bers, the information thus obtained. 

membership. 

Art 2. The Society shall consist of Members, Honorary Mem- 
bers, Associates and Juniors. 

Art. 3. Mechanical, Civil, Military, Mining, Metallurgical and 
Naval Engineers and Architects may be candidates for membership 
in this Society. 

Art. 4. To be eligible as a Member^ the candidate must have 
been so connected with some of the above-specified professions as 
to be considered, in the opinion of the Council, competent to take 
charge of work in his department, either as a designer or con- 
structor, or else have been connected with tlie same as a teacher. 

Art. 5. Honorary Members^ not exceeding twenty -five in num- 
ber, mvky be elected. They must be persons of acknowledged pro- 
fessional eminence, who have virtually retired from practice. 

Art. 6. To be eligible as an Associate^ the candidate must have 
such a knowledge of, or connection with, applied science, as quali- 
fies him, in the opinion of the Council, to co-operate with engineers 
in the advancement of professional knowledge. 

Art. 7. To be eligible as a Junioi'^ the candidate must have 
been in the practice of engineering for at least two years, or he 
must be a graduate of an engineering school. 
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Tlie term "Junior" applies to the professional experience, and 
not to the age of the candidate. Juniors may become eligible to 
Membership. 

Akt. 8. All Members and Associates shall be equally entitled to 
the privileges of Membership, provided that Honorary Members, 
who are not also Members or Associates, and Juniors shall not be 
entitled to vote nor to be members of the Council. 

ELECTION OF MEMBERS. 

Art. 9. All candidates for admission to the Society, excepting 
candidates for honorary membership, must be proposed by at least 
three members, or members and associates, to whom they must be 
personally known, and be seconded by two others ; the proposal to 
be accompanied by a statement in writing of the grounds of their 
application for election, including an account of their professional 
service. 

Art. 10. All such applications and proposals received by the 
Council, up to thirty days before a regular meeting, shall, at least 
twenty days before such regular meeting, be passed upon by the 
Council. Tlie Secretary shall, at least twenty days before such 
regular meeting, mail to each member and associate, in the form 
of a letter ballot, the names of candidates recommended by the 
Council for election. 

Art. 11. Any member or associate entitled to vote may erase the 
name of any candidate and return to the Secretary such ballot in- 
closed in two envelopes, the inner one to be blank and the outer 
one to be indorsed by the voter. 

Art. 12. The rejection ot* any candidate for admission as mem- 
ber, associate, or junior, by seven voters, shall defeat the election 
of said candidate. The rejection of any candidate for admission as 
honorary member by three voters shall defeat the election of said 
candidate. 

Art. 13. The said blank envelopes shall be opened by the 
Council at any nieeting thereof, and the names of the candidates 
elected shall be announced in the first ensuing meeting of the 
Society, and also in the lirst ensuing list of membei*s. Tlie names 
of candidates not elected shall neither be announced nor recorded 
in the proceedings. 

Art. 14. Candidates for admission as honorary members shall 
not be required to present their claims ; 'those making the nom- 
inations shall state the grounds therdbr, and shall certify that the 
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noTninee will accept if elected. The method of election in other 
respects shall be the same as in case of other candidates. 

Art. 15. All persons elected to the Society, excepting honorary 
members, must subscribe to the rules and ipsiy to the Treasurer the 
entrance fee and yearly dues before they can receive certificates of 
membership. If this is not done within six months of notification 
of election, the election shall be void. 

Art. 16. The proposers of any rejected candidate may, within 
three months after such rejection, lay before the Council written 
evidence that an error was then made, and if a reconsideration is 
granted, another ballot shall be ordered. 

Art. 17. The Council shall pass upon applications of juniors for 
membership, and shall order ballots upon such recommendations, 
in the manner hereinbefore described. 

FEES AND DUES. 

Art. 18. The initiation fee of members and associates shall be 
$15, and their annual dues shall be $10, payable in advance at the 
annual meeting; provided, that the persons elected at the meeting 
following the annual meeting shall pB,y $8, and persons elected at 
the meeting preceding the annual meeting shall pay $4 as dues for 
the current year. The initiation fee of juniors shall be $10, and 
tlieir annual dues shall be $5, payable in advance. Any member 
or associate may become, by the payment of $150 at any one time, 
a life member or associate, and shall not be liable thereafter to an- 
nual dues. 

Art. 19. Any member, associate, or junior in arrears may, at the 
discretion of the Council, be deprived of the receipt of publications, 
or stricken from the list of members, when in arreai*s for one year ; 
provided^ that such person may be restored to membership by the 
Council on payment of all arrears, or by re-election after an in- 
terval of three years. 

OFFICERS. 

Art. 20. The affairs of the Society shall be managed by a Coun- 
cil, consisting of a President, six Vice-Presidents, nine Managers, 
and a Treasurer, who shall be elected from among the members 
and associates of the Society at the annual meetings, to hold oflice 
as follows : 

Art. 21. The President and the Treasurer for one year ; and no 
person shall be eligible for immediate re-election as President who 
shall have held that office, subsequent to the adoption of these 
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rules, for two consecutive years; tlie Vice-Presidents for two 
years, and the Managers for three years ; and no Vice-President or 
Manager shall be eligible for iraraediate re-election to the same 
office at tlie expiration of the term for which he was elected. Pro- 
vided^ that at tlie meeting for organization the entire board of 
elective officers and managers shall be chosen, of whom the Presi- 
dent, the Treasurer, three Vice-Presidents, and tliree Managers 
shall serve until the first Thursday of November, 1881 ; tliree Vice- 
Presidents and three Managers sliall serve until the first Tliursday 
of November, 1882, and three Managers shall serve until the first 
Thursday of November, 1883. The holding for the several terms 
shall be determined by lot among them. 

Art. 22. A Secretary, who may or may not be a member of the 
Society, shall be appointed fpr one year by a majority of tlie mem- 
bers of the Council at its first meeting after the annual election, or 
as soon thereafter as the votes of a majority of the members of the 
Council can be secured for a candidate. The Secretary may be 
removed by a vote of twelve members of the Council, at any time 
after one month's notice has been given him by a majority of its 
members to show cause why he should not be removed, and he has 
been heard to that effect. The Secretary may take part in any of 
the deliberations of the Council, but, if not a member of the So- 
ciety, shall not have a vote therein. His salary shall be fixed for 
the time he is appointed by a majority vote of the Council. 

Art. 23. At each annual meeting after the first, a President, 
three Vice-Presidents, three Managers, and a Treasurer shall be 
elected, and the term of office shall continue until the adjournment 
of the meeting at which their successors are elected. 

Art. 24. The duties of all officers shall be such as usually per- 
tain to their offices or may be delegated to them by the Council or 
the Society; and the Council may, in its discretion, require bonds 
to be given by the Treasurer. At each annual meeting the Coun- 
cil shall make a report of proceedings to the Society, together with 
a financial statement. 

Art. 25. Vacancies in the Council may occur by death or resig- 
nation ; or the Council may, by vote of a majority of all its mem- 
bers, declare the place of any officer vacant, on his failure for one 
year, from inability or otherwise, to attend the Council meetings or 
perform the duties of his office. All vacancies shall be filled by 
the appointment of the Council, and any person so appointed shall 
hold office for the remainder of the term for which his predecessor 
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was elected or appointed ; provided^ that the said appointment 
shall not render him ineligible at the next annual meeting. 

Art. 26. Five members of the Council shall constitute a quorum ; 
but the Council may appoint an Executive Committee, or business 
may be transacted at a regularly called meeting of the Council, at 
which less than a quorum is present, subject to the approval of a 
majority of the Council, subsequently' given in writing-to the Sec- 
retary and recorded by him with the minutes. 

Art. 27. No bill shall be paid for the Society, until it has been 
certified by the person authorized to contract it, and audited by 
the committee on finance. 

ELECTION OF OFFICERS. 

Art. 28. At the regular meeting preceding the annual meeting, 
a nominating committee of five members, not officers of tlie So- 
ciety, shall be appointed, and this committee shall, at least thirty 
days before the annual meeting, send the names of nominees to the 
Secretary, who shall at once mail the said list of names to each 
member and associate, in the form of a letter ballot. 

Art. 29. In the election of Vice-Presidents, each member and 
associate may cast as many votes as there are Vice-Presidents to be 
elected. He may give all these votes to one candidate, or distri- 
bute them among more, as he chooses. Managers shall be voted 
for in the same way. 

Art. 30. Any member or associate entitled to vote may vote by 
retaining or changing the names on said list, leaving names not 
exceeding in number the officers to be elected, and returning the 
list to the Secretary — such ballot inclosed in two envelopes, the 
inner one to be blank and the outer one to be indorsed by the 
voter. Provided^ that no member or associate in arrears since the 
last annual meeting shall be allowed to vote until said arrears shall 
have been paid. 

Art. 31. The said blank envelopes shall be opened by tellers at 
the annual meeting, and the persons who shall have received thp 
greatest number of votes for the several offices shall be declared 
elected. 

MEETINGS. 

Art, 32. The annual meeting of the Society shall beheld in the 
City of New York, on the first Thursday in November, at which 
a report of the proceedings of the Society and an abstract of the 
accounts shall be furnished by the Council ; the Council may 



XX:v RULES OF THE 

change tlie time of the annual meeting, and shall, in that case, give 
six months' notice to members and associates. 

Akt. 33. Two other regular meetings of the Society shall be held 
in each year, at such times and places as the Council may appoint. 
At least thirty days' notice of such meetings shall be mailed by the 
Secretary to members, honorary members, associates and juniors. 

Art. 34.- Special meetings may be called whenever the Council 
may see fit ; and the Secretary shall call a special meeting at the 
written request of twenty or more members. The notices for 
special meetings shall state the business to be transacted, and no 
other shall be entertained. 

Art. 35. Any member, honorary member or associate may in- 
trodu e a stranger to any meeting; but the latter shall not take 
part in the proceedings without the consent of the meeting. 

Art. 36. Every question which shall come before the Society 
shall be decided, unless otherwise provided by these rules, by the 
votes of a majority of the members and associates present, provided 
there is a ([uorum. 

Art. 37. At any regular meeting of the Society, thirteen or more 
members and associates shall constitute a quorum. 

Art. 38. The Council shall have power to decide on the pro- 
priety of communicating to the Society any paper which may be 
received, or to refer it back to its author for revision or amend- 
ment; also, to decide which of the papers read before the So- 
ciety shall be printed in the Transactions. Before such paper 
appears in the Transactions of the Society, a revised proof of the 
paper and discussion shall be sent by the Secretary to the author, 
and, so far as practicable, to every member taking part in the dis- 
cussion, with request that they call attention to any errors therein. 
AVhen the Council shall so direct, printed copies of papers shall 
be distributed to the membership in advance of the meeting at 
which they are to be presented and discussed. 

Art. 39. Intimation, when practicable, shall be given at a gene- 
ral meeting, of the subject of the paper or papers to be read, and 
of the questions for discussion at the next meeting. 

Art. 40. The Society shall claim no exclusive copyright in 
papers read at its meetings, nor in reports of discussions, except in 
the matter of official publication wuth the Society's imprint, as its 
T?'ansactions. The Secretary shall have sole possession of paf>ei's 
between the time of their acceptance by the Council and their read- 
ing, together with the drawings illustrating the same ; and at the 
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time of such reading, or as soon thereafter as practicable, lie shall 
have printed copies of such papers "subject to revision," with such 
illustrations as are needed for the Transactions^ for distribution to 
the members and for the use of technical newspapers, American 
and foreign, which may desire to reprint them in whole or in part. 
The policy of the Society in this matter shall be to give papers read 
before it the widest currency possible, with a view to making the 
work of the Society known, encouraging mechanical progress and 
extending the professional reputation of its members. 

Art. 41. The author of each paper read before the Society shall 
be entitled to twelve copies, if printed, for his own use, and shall 
have the right to order any number of copies at the cost of paper 
and printing ; provided^ that said copies are not intended for sale. 

Art. 42. The Society is not, as a body, responsible for the state- 
ments of fact or opinion, advanced in papers or discussions, at its 
meetings; and it is understood that papers and discussions should 
not inchide matters relating to politics or purely to trade. 

AMENDMENTS. 

Art. 43. These rules may be amended, at any annual meeting, 
by a two-thirds vote of the members present ; provided^ that writ- 
ten notice of the proposed amendment shall have been given at a 
previous meeting. 
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titaiidimj ('iHHinititf on lirgular MettinyH. — Washington Jones, Chas. E. Kniery, 
Henry Morton, (\)U'n)an Sellers, .MattliiAs X. Forney, .J. F. llolloway, \Vm. Lee 
rhureli. 

Local ConiiHUtfi for Netf York MeHing. — Prof. Henry Morton, Chninnan; Jaa. 
1'. Bayles. ('lui?». K. Kinery, Matthias N. Forney, H. S. Hayward, F. R. Hutton, 
niRs. A. Mnore, JK. H. Sonle, Henry H. Towne, F. M. Wheeler, \V. H. Wiley, 
W. P. Tro\vhri<li:e. ; 

E.vtrtitii'r ("fmuittfft*\—Ji\nn*t^ T. Bayles. ChaH. E. Emery, F. K. Hutton, Win. 
H. Wilf-v. 

TiiK ojHJiiin^ ^es8ion wat liekl at t\w rooms of the American So- 
ciety of Civil Kiigineers, at 127 E. 23(1 Street, New York, which 
had been ireiierouslv tendtM'ed hv their Hoard of Direction. 



Tlio l*n'si(h'iit, Mr. K. 1). Lcavirt, Jr., after calling the meeting 
to ordiM* at S.20 p.m., said : 

<tkntlkmkn: In the scliednio wliidi has heen handed to me bv 
the Secretary it is stated that the n»e(»tinir will he called to order 
hv Professor Morton, Chairman of tlie Local Committee. Unfor- 
tnnately. Professor Morton lias not appeared, and the President is 
obliged to call tlie meeting to onler himself. The second iten» on 
the programme is *M)pening Words," hy the President. Yon will 
all l>ear me witness that mv words have not heen verv manv, and 

• • • 

I do not propose to go back on my record in that regard. I will 
therefore proceed to the third article, which is the appointment of 
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tellers to count the ballots for oflScers elected at this meeting, and 
I will appoint Messrs. Enriery, Trowbridge and Porter for that ser- 
vice. They will report at the session to-morrow morning. The 
next matter is a paper by Mr. Pickering. 

Mr, PicJcerwg. — 1 rather carelessly committed myself, to our 
Secretary, to the undertaking of writing a little paper on American 
Machinery at International Exhibitions, to occupy in its reading 
some fifteen or twentv minutes. "When I commenced the task I 
found it was greater than I had anticipated, and it is a ])ity almost 
to attempt to deal with the subject in such a small way as I have. 
This paper is more in the form of a few rambling notes that have 
occurred to me, which I have condensed into a compass suitable to 
the time that I supposed would be available. • 

Mr. Pickering then read his paper, and in the discussion which 
followed Messrs. Holloway, Strong, Emery, Grimshaw and Hobbs 
took part. 

At ten o'clock the Society took a recess till ten the next day, and 
a conversazione and supper completed the evening. 



SECOND DAY. 

November Ist. 

At ten A.M., the Society convened at the rooms of the Civil 
Engineers, at 127 East 23d Street, President Leavitt in the chair. 
The Secretary's register included the following names of members 
in attendance : 

Alrlen, Geo. J Worcester, Mass. 

Almond, T. R. Brooklyn, N. Y. 

Angstrom, Carl Worcester, Mass. 

Bailey, Jackson New York City. 

Bailey, E. B Windsor Locks, CoDn. 

Baker, W. S. (^ Baltimore, Md. 

Baldwin, W. J New York City. 

Baldwin, S. W 

Barr, Wni. M Cleveland, O. 

Bayles, J. C New York City. 

Beggs, J 

Bergner, T Philadelphia, Pa. 

Betts, William Wilmington, Del. 

Billings, C. E Hartford, Conn. 

Bond, Geo. M 
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Burnett, J. H New York City. 

Burdsall, E., Jr Portchester, N. Y. 

Caldwell, A.J Brooklyn, N. Y. 

Capen, T. W Stamford, Conn. 

Cartwright, W. G Hoboken, N. J. 

Christensen, A. C Brooklyn, N. Y. 

Coes. Z. B Hyde Park, Mass. 

0)hvpn, A. W New York City. 

Cotter, John Norwalk, Conn. 

Couch, Alfred B Philadelphia, Pa. 

Davis, D. P New York City. 

Davit*, E. F. C Pottsville, Pa. 

Dean, F. W Cambridge, Mass. 

Deane, C. P Springfield, Mass. 

Denton, J. E Hoboken, N. J. 

Drnmmond, ^\ W Louisville, Ky. 

Durfee, W. F Bridgeport, Conn. 

Du Faur. A. F New York City. 

De Schweiuilz, P. B So. Pueblo, Col. 

Du Villard, H. A Providence, R. I. 

Edson, J. B North Adams, Mass. 

Egleston, T New York City. 

Emery, C. E 

Fay, R. C Milford. Mass. 

Fritz, John Bethlehem, Pa. 

Forney, M.N New York City. 

(jalloupe, F. E Boston, Mass. 

(iardner, E. L^ B Passaic, N. J. 

Good, VV. E Reading, Pa. 

Goubert, A. A New York City. 

Grant, J. J Flushing, N. Y. 

Grimshaw, R New York City. 

Green, H Jeanesville, Pa. 

Hall, A. F Boston, Mass. 

Halsey, F. A New York City. 

Hand, S. A Tougbkenamon, Pa. 

Hayward, H. S Jersey City, N. J. 

Hemenway, F. F New York City. 

Hill, H. A Boston, Mass. 

Higgins, M. P Worcester, Mass. 

Hoadley, J. C Boston, Mass. 

Hobbs, A. C Bridgei)ort, Conn. 

Hollerith. H Washington, D. C. 

Holloway, J. F Cleveland, O. 

Hornig, J. L Jersey City, N. J. 

Hunt, R. W Troy, N. Y. 

Hatton, F. R New York City. 

lllingworth, J. J Utica, N. Y. 

Johnson, Wm Lumbertville, N. J. 

Jones, H. C Wilmington, Del. 

Jones, Washington Philadelphia, Pa, 
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Kent, Wm New York City, 

KirchhoflE, C 

Laureau, L. U 

Leaviit, E. D., Jr Cambridgeport, Mast*. 

Le Vau, W. B Philadelphia, Pa. 

Lipe, C. E Syracuse, N. Y. 

Loring, C. H Brooklyn, N. Y. 

McElroy , S New York City. 

May, D. C Baltimore, Md. 

Maynard, (i. W New Y'ork City. 

Melvin, D. N Staten Island, N.- Y. 

Miller, Alex. ... New Y'ork City. 

Miller, H. B 

Morgan, T. R., Sr Alliance^ O. 

Moore, Lycurgus B New Y^ork City. 

Morris, H. G Phi^idelpliia, Pa. 

Morton, Henry Hoboken, N. J. 

Neftel, K New York City. 

Odell, W. H Yonkers, N. V. 

Parks, E. H Providence, R. I. 

Partridge, W. E New York City. 

Pickering, T. R Portland, Conn. 

Porter, H. F. G Trenton, N. J. 

Porter, Charles T New York City. 

Pratt, F. A Hartford, Conn. 

Pusey, C. W Wilmington, Del. 

Rae, T. W New York City. 

Richards, C. B. Philadelphia, Pa. 

Root, J. B Greenpoint, N. Y. 

Root, Wm. J Brooklyn, N. Y. 

Rose, J New York City. 

Rowland, T. F Greenpoint, N. Y. 

Scheffler, P. A New Y'ork City. 

See, Horace Philadelphia, Pa. 

Sellers, Coleman 

Shock, Wm. H Washington, D. C. 

Sinclair, Angus New York City. 

Smith, Geo. H Providence, R. I. 

Smith, Oberlin Bridgeton, N. J. 

Stearns, A Brooklyn, N. Y . 

Stratton, E. P New Y'ork City. 

Strong, Geo. S Philadelphia, Pa. 

Suter, G. A New York City. 

Sweet, John E Syracuse, N. Y. 

Thompson, C. T Philadelphia, Pa. 

Thurston, R. H Hoboken, N. J. 

Towne, H. R Stamford, Conn. 

Trowbridge, W. P New York City. 

Vanderbilt, A " 

Ward, W. 'E Portcliester, N. Y. 

Webb, J. B Ithaca, N. Y. 



NEW TOBK MEBTlNa. 7 

Webber, S Lawrence, Maes. 

Webber, S. S '* " 

Webster, H., Jr Brooklyn, N. Y. 

VVeekp, G. W Clinton, Mass. 

Weightman, VV. H New York aty. 

Wellman, S. T Cleveland, 0. 

Wheeler, F. M New York City. 

White, M Bethlehem, Pa. 

Whiting, L. B Pottsville, Pa. 

W^iley. Wm. H New York City. 

Wolff, A. R 

Wood, Walter Philadelphia, Pa. 

Woodbury, C. J. H Boston, Mass. 

Worthington. C. C New York City. 

As guests of the Society were also present Messrs. Weston, 
Cartwrigbt, Wetzler, Alexander, Paine, Croes, Randolph, Bogart, 
and others, together with Messrs. Piatt, of Gloucester, and Fox, of 
Leeds, England, and Dr. Woltf, of Berlin. 

The reading of the minutes of tlie Cleveland meeting was, on 
motion, dispensed with. 

A report from the Council was presented as follows : 

Since the report presented at Cleveland, the Council has held 
two sessions, August 8th and September 27th, which have been 
largely attended. 

Beside the routine business and scrutiny of applications for 
membership, the Council has discussed the question of finance, and, 
ill payment of past indebtedness, has ordered the sale of the 
$1,900 bond held as invested fund by the Society. 

The Standing Committees have regularly reported, and their ac- 
tion has been approved. 

A series of pamphlets relating to boiler and engine tests by 
Prof. Reuleaux, of Berlin, has bfcen presented by him to the grow- 
ing library of the Society, and an abstract from it wm'11 be duly of- 
fered as a paper to the Society. 

The Treasurer's Annual Report was presented to the Society 
and read by the Secretary, as follows : 

New York, November 1, 1883. 

To tlie American Society of Mecltanical Engineers: 

Gentlemen: I have the honor to submit the third Annual 
Report of the finances of the Society, covering the period from No- 
v^mberl, 188 2, to this date. 
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The receipts and payments have been as follows, viz.; 

EECEIPTS. 

Balance on hand, November 1, 1882 $7 58 

Initiation tees 1,285 00 

Annual dues 8,405 12 

Badges 197 06 

Bindinjar Transactione of the Society 132 85 

Paper sales. Engraving, etc 143 07 

Sale U. S. Govt. Bond, face value |1,000, cost 1,138 75 

Premium on do 

Interest on do 

Report of Cleveland Meeting 

American Society Civil Engineers 

" Institute Mining Engineers 

Total $6,435 68 

PAYMENTS. 

Engraving $381 94 

Traveling 63 25 

General expenses 996 88 

Salary 1,825 00 

Printing and Stationery 2,704 11 

Postage 161 32 



71 25 


40 00 


25 00 


20 00 


20 00 



Total $6,132 50 

^thus leaving a balance, in bank and cash, on hand of three hun- 
dred and three and ^ dollars ($303.18.) 

The U. S. Govt. Bond mentioned in my last Annual report of 
the face value of one thousand dollars, ($1,000), and held as an in- 
vested fund, was sold by direction of the Council to procure neces- 
sary funds to liquidate the accumuhited indebtedness of the Society 
contracted previous to, at, and subsequent to the June meeting at 
Cleveland, Ohio. In so doing I have disposed of the last of the 
Government Bonds placed in my hands when first elected to the 
office of Treasurer of the Society. 

There are no bills of any kind against the Society, in my hands, 
awaiting payment at this date. The only standing indebtedness of 
the Societ}^ at this time, so far as known to me, is for one month's 
salary to tlie Secretary and two months' clerk liire for the Treas- 
urer, amounting in all to one hundred and sevent^^-live dollars 
($175.00), and due this day. 

There is due from the membershij) of the Society for initiation 
fees and annual dues, which were due on or previous to November 
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1st, 1882, the sum of five hundred and nine dollars ($509.00) 
divided as follows, viz.: 

Initiation fees $60 00 

AuiiiiHl dues 449 00 

Total $509 00 

I would call your attention to the increased amount of indebted- 
ness of the membership for tliese items over that given in my last 
annual report, where I stated : " It seems not to be well understood 
by some members of the Society that the annual dues are payable 
at the commencement of the Society's year, namely in November 
comniencing the year. ... If this was clearly understood by 
all the Membership, tlie dues would undoubtedly be more promptly 
paid.'' Article 18 of the Rules of the Society plainly sets forth at 
what tinie the annual dues are payable. A detailed statement of 
the amounts due by the delinquent membership of the Society has 
been submitted to the Finance Committee by their request. 

It will be noticed that the i)ayment8 for printing and stationery 
are in excess of the same item in last years annual report by an 
amount of over eight hundred dollars ($800.00), but by referring to 
the latter report it will be seen that there were at that time two bills 
for printing unpaid, amounting to one thousand and forty-five 
dollars (§1,045. 00), to be paid when the funds were available for 
their payment. This amount was paid from the funds of the So- 
ciety during the present year, and in the estimate of the expenses 
of the current year, should properly be deducted from the amount 
of twenty-seven hundred and four and ^^V dollars ($2,704.11). 

Respectfully submitted. 

(Ihakles W. Copelani), Treasurer. 

Atler the reading of the report ; 

PrvJ\ JEgleston. — I move that the report be referred to the Audit- 
ing Committee, and that so much of the report as requires other 
action be referred to the Council. 

Agreed to. 

Tf^ President. — The next report due is from the Committee on 
Tests. 

The report of this committee was presented by Professor Plgle- 
ston, as follows : 

The Committee on Tests of the American Society of Mechanical 
Engineers beg respectfully to report that since the last meeting of 
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the Society, they liave been actively engaged in corresponding with 
persons in all parts of the United States, and that they have re- 
ceived a large nnniber of enthusiastic letters which lead them to 
believe that if they can have the active co-operation of all the mem- 
bers of the Society, there is every hope of success in the next 
session of Congress. The demands for information have been so 
numerous tliat the copies of the transactions of the Philadelphia 
meeting have been exhausted. 

The committee deem it important that these transactions shall 
be reprinted, and they beg respectfully to offer the opinion that 
no money which the Society could spend would be more profitably 
employed in the interests of mechanical engineering than in re- 
printing and circulating among members of (k)ngress this pam- 
phlet, if it should directly or indirectly influence the passage of the 
bill ; and they therefore request that a sum sufficient to defray the 
expense of reprinting such parts of the discussion at Philadelphia 
as seem best adapted to secure the passage of the Test Commission 
bill, be appropriated. 

Prof. Eghston, — ^As chairman of the committee, I wrote to the 
Council, requesting them to reprint the proceedings on tests at 
Philadelphia, and the Council, as I think, very properly declined to 
make an appropriation on account of there being no funds in the 
treasury. They have no right to incur debt without a formal vote 
of the Society-. The committee, therefore, have come before the 
Society to bring the matter to its attention. It is the opinion of 
the committee that the Society should appropriate the funds, and 
that some means should be taken to secure them. The Society is at 
the present time in an unfortunate financial condition. I cannot 
see that there is any reason for it, and I believe that if the fact was 
known to the members, and proper means were taken, the Society 
could have sufficient funds to do all that it does now, and a great 
deal more besides. I have no hesitancy whatever — although as a 
matter of finance it is not apparently a good measure — to ask the 
Society to appropriate the funds, and I believe that every cent so ap- 
propriated will bring in three or four hundred per cent, interest. 

Mr, Towne, — I would inquire if Prof. Egleston asks that an ap- 
propriation be made now ? 

Prof, Egleston, — Yes, sir ; the committee desire to ask for an 
appropriation at the present time. 

Mr, Toione, — And that it be made by the Society at this meet- 
ing, and not by the Council % 
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P/*oj\ Eyhston. — By tlie Society. The Council can only appropri 
ate funds tliev have in hand. It will cost, as nearly as I can remem- 
ber, about three dollars a page to set the proceedings up ; there are 
about fifty pages, I think. There would have to be copies for 
members of Congress, and for the use of the members of the 
Society. 

I wish to state that the bill in the last session of Congress did 
not fail on account of its merits. It was not introduced before 
February, and it was impossible to have it brought up in regular 
order. I was in Washington very often, and in personal contact 
with the members of the committee in charge of the bill, and the 
members of Congress, and they all assured me over and over again 
that if the bill could come up it would be passed without oppo- 
sition. 

The cost of printing the proceedings of the Philadelphia meet- 
ing would, I think, be from $200 to |250. 

Mr, Tovme. — An apj)ropriation by the Society now would be a 
pledge of the coming year's income to that extent. 

Prof, Kghston, — I have had a great deal of experience in other 
societies, and 1 think the appropriation a justifiable pledge of the 
income of the Society. I stated to the President just before we 
came into session that several societies who were bankrupt have 
l)een revived and now are some of the most prosperous in the 
country, and I think the same thing could be done for us. 

Mr, Towne, — The best thing, therefore, would be to become 
bankrupt, and then we would prosper. I would ask, Mr. President, 
whether there will not be a discussion later on in the meeting as to 
the financial outlook for the coming year, which perhaps had bet- 
ter take precedence of any action on this motion of Prof. Egleston? 
Should not w^e hear from the Council as to the financial probabilities 
for the coming year, as to whether there will be any funds available 
for this work ? 

The Preslilt^xi, — So far as the President is advised, there will not 
be. I may state that in the Council meeting we felt the necessity 
for retrenchment. We reluctantly acceded to the sale of the 
bond, not because we thought it was a good thing for the Society 
to have much of an invested fund, but simply for the reason that 
a bad impression would go forth that we were going behind. I 
think that we shall have to sail very close to the wind for piirhaps 
two or three years to get on a good basis, and if we incur this ex- 
penditure we shall have to trust to luck. 
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Mr, Towne. — On the other hand, it is most directly in the line 
of the Society's work. 

TJi£ President. — I slioukl like to state, however, that there has 
been a joint committee of the three societies on this subject of an 
appropriation. I happened to be a member on the part of the 
Mining Engineers, and was at the Washington meeting of the 
Mining Engineers a year ago hist February in company with Prof. 
Egleston and Mr. Ashbel Welch, and I would ask the Society to 
listen to Mr. Bogart, the Secretary of the Society- of Civil Engi- 
neers, as to the progress then made. 

Prof, Egleston, — I move tliat Mr. Bogart be asked to inform u£ 
of the action of the Society of Civil Engineers in the matter. 

Aicreed to. 

Mr. Bogart. — The action of the Society of Civil Engineers, 
after the Washington meeting of the Mining Engineers, when there 
was a meeting of a joint committee, was substantially this. The 
committee of the Society of Civil Engineers, consisting of the 
President, Mr. Ashbel Welch, and several other members, including 
myself, found that, on account of the lateness of the introduction of 
the bill, as Dr. Egleston has said, there was a strong probability 
that it would not pass at that session of Congress. A number of 
us, on the invitation of the Chief of Ordnance, called at the Ord- 
nance Office in Washington, and had a very interesting conversation 
with the Chief of Ordnance upon the general subject of the tests 
of njaterials. I think in that conversation a good deal of misappre- 
hension which had existed previously was cleared away. Gen. 
Benet, the Chief of Ordnance, expressed himself as anxious to co- 
operate with the engineers of the country in securing the best re- 
sults from the Watertown testing machine, and from the work of 
the officers of the Ordnance Department in every respect. He 
said, substantially, in regard to the bill which was before Congress, 
under the auspices of the joint societies, that on account of the 
lateness of the season it probably would not pass — it probably 
could not be got through the Houses. He also said that if the Ord- 
nance Department could do anything to promote the progress of 
securing desirable information on the subject, he would aid in the 
work. He himself wrote a clause, which was introduced into the 
bill, making appropriations for the Ordnance Department which 
empowered him to consult with the engineers of the country and 
to take their suggestions with regard to tests. He also asked for 
a larger appropriation, the amount originally named in the bill 
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being only enough for the mere maintenance and current work of 
the Ordnance Department with the Watertown machine. It was so 
late in the session that the additional appropriation was not se- 
cured. The feeling of the gentlemen who were there — I think 
there were members of the three societies at that interview — 
was, tliat if we could not pass the bill creating a commission, we 
should certainly not antagonize the verj^ kindly suggestions of tlie 
Chief of Ordnance, but that we should try to act in (*o-operation 
with him. 

Since that time the course of the American Society of Civil En- 
gineers, through its Board of Direction, has been in co-operation 
with the Chief of Ordnance, and no action has been taken since 
that time with regard to the bill to create a commission. The Society 
is probably favorable to such a bill, but they have not appropriated 
any money to promote any further action, and I think that the hope 
of many members of the Society of Civil Engineers who have taken 
a special interest in this matter is that it is possible, by the co-oper- 
ation of the Chief of Ordnance, and perhaps through the work of 
the officers of the army in connection with engineers, that the work 
of testing can be pushed successfully forward — at all events up to 
the time when a special bill may be finally passed. That is tiow 
about the position of many members of the Society of Civil Engi- 
neers npon the subject, as I am advised. We shall have the annual 
meeting of the Society here in January, and what action may be 
taken then, I, of course, do not know; but at the present time I do 
not think that the Board of Direction of the American Society of 
Civil Entjineers feels authorized otticially to take anv further ac- 
tion. I think that about defincvS the position. 

Prof, Eglestcyn, — I worked constantly and very earnestly with 
the old commission, and since the constitution of a new one has 
been discussed, I have worked at it with the same zeal. I look upon 
this as the most important measure ever brought up in the United 
States. There is a great deal of feeling which, I think, is entirely 
unnecessary and which rests wholl}" on misapprehension. I have 
had a number of interviews with officers of the Engineer and Ord- 
nance corps and they have expressed themselves sometimes rather 
severely, having the idea that the engineers of the country were 
somehow or other, opposing the War Department, and that there 
was a want of harmony among them. What is necessary in a mat- 
ter of this kind for the Society is prompt action. If we wait until 
January, until the meeting of the Society of Civil Engineers, we 
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shall uiidonbtedly have tlieir active co-operation ; but if we wait 
until then it will be too late. The reason the bill did not pass be- 
fore was that it was introduced so late in the session that it was 
impossible to have it pass. What your eoramittee hope to do is to 
have the bill introduced on the first day of the session, or as near 
the first day as [practicable, certainly within the first week. If that 
is done and the bill is allowed to rest on its merits, we have no doubt 
it will pas*?. There is more prospect of the bill passing than there 
ever was before. I do not wish to do anything or to commit the So- 
ciety to doing anything that would seem like a want of concert be- 
tween the engineers of the country ; but I am very certain as an 
engineer and as a member of the Society that the action required is 
j)rorr).pt dctlou. Several persons have written anxiously to know 
whether they might not introduce the bill. I think, therefore, there 
will be no diflSculty in getting the bill passed if we are intrusted 
further with this matter. 

J/r. Oherlin Smith. — I move that the Society appropriate this 
amount — a sum not exceeding $200. It seems to me very impor- 
tant, as we have commenced this thing, that we should carry it 
through, taking into consideration the great imjX)rtance of the work 
itself. If the other societies are not yet ready to co-operate, we 
must not lose the time. The amount of money is a small matter ; 
although I do not believe in running the Society in debt, yet we 
have some funds in the treasurv and it is the only work, outside 
the publication of our transactions, that we are doing. We cer- 
tainly could not dc> a more important work for the benefit of the 
country than this. 

The Preside/ut, — The motion is that $200 be expended for the 
republication of the report of the Committee on Tcv^ts in the Phila- 
delphia transactions. 

Agreed to. 

Prof. EijleaUm. — I should like to make another suggestion, as 
the action of the Societv need not be hurried in this matter, and 
that is, that the Committee on Ways and Means of the Society^ — if 
there is such a committee — be requested to call before them persons 
familiar with the organization and reorganization of other societies 
with a view to eliciting opinions as to how it is best to conduct the 
Society so as to have a more active Society and a larger income. I 
do not put this in the form of a motion, but if it meets the views 
of the other members of the Society it seems to me it would bring 
about the desired result. If it comes simply as a suggestion to the. 
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Committee on Ways and Means, perhaps that of itself would be 
sufficient without the formal action of the Society ; I have no doubt 
that the means could be increased. 

Mr. Towne. — I understand that we are to have a report from the 
Coramittee on the Revision of Rules during tlie morning, and perhaps 
that would cover the point Professor Egleston raises and even the 
discussion following it would bring it out. 

Prof. Eglestfm. — I did not know that. 

ThePremdent. — The report of the Publication Committee is next 
in order. 

The Secrekiry, — I have a telegram from the Chairman saying that 
he cannot be present. In his absence I will say that the Publica- 
tion Committee would report that, had it not been for the strike of 
the printers who print the transactions, Volume IV., which includes 
the transactions of New York in 1882 and Cleveland in 1883, would 
have been out during October. I hope to get the volumes during 
the month of November and send them to the members. Postal 
cards will be sent out asking in what form members desire to have 
the transactions sent to them. If anv members want all their 
volumes bound hereafter, they will be kind enough to let me know, 
and the office will bind them all without asking this question at 
every issue. 

Tke Prr^ldent. — The report of the Committee on Gauges and 
Standards would be the next thing in order. Since it has no report 
to make, we will hear the report of the Committee on the Jlolley 
Memorial. 

Mr, Bayles. — I will state that the treasurer of the fund advises 
me that the amount necessarv to erect the kind of monument con- 
templated by the joint committees of the three societies has been 
practically raised. Perhaps a little more money will be needed, but 
there w^ill be no trouble about getting it. Work is in progress upon 
the design for the base, Mr. Laureau having kindly consented to sub- 
mit suggestions and drawings. There is, however, no haste in the 
matter, as we must wait until at least five years after Ilolley's death 
to know certainly that we can obtain permission to erect the monu- 
ment in Central Park. There is in connection with this matter 
another which I wish to bring before the Society, with a view to 
receiving instructions. It relates to the expected co-operation of 
the Society of Mechanical Engineers with the Institute of Mining 
Engineers, and possibly the Society of Civil Engineers, in the pub- 
lication of a memorial volume, which was talked of at the time of our 
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memorial session. Concerning this I have a letter in ray hand from 
Dr. Kaymond, who undertook the j)reparation of that volume, in 
which he acknowledges the receij>t of a letter from the Secretary' of 
this Societv, and asks for delinite information as to what the Society 
of Mechanical Engineers pro})08es to do in the matter. He says in 
conclusion that "it will not be a very expensive undertaking, and 
the Institute uf Mining Engineers will he quite able to do it alone; 
but the general understanding among us has been that the three so- 
cieties would like to take part and receive (*opies for distribution 
to their members.'' This letter has been in my hands since August 
21 ; but of course I was unable to reply to it in the absence of 
instructions from the Societv. The matter was certai id v talked of; 
in a certain vague way it wjis understood by Dr. Kaymond that tlie 
three societies would co-operate in the publication 6f that volume, 
and his work has been done in the expectation of such co-operatiofi. 
As he j^ays, however, if the other societies do not co-operate, it is 
probable that the Institute of Mining Engineers will print the 
book, and I would ask that the committee be instructed as to what 
reply should be made to Dr. Raymond in regard to this puV)lication. 
I think possibly the best shape in which that could come would he 
a motion from some member that the Counc^il be authorized to in- 
struct the committee. 

Prof. /Cfjhjutofi, — I make that motion. 

Agreed to. 

T/ie Pre,sl.(lent, — The rei)ort of the Committee on Revision of the 
Rules is next in rjrdcr. 

Prof. StijM. — Professor Trowbridge left the re|)ort in my hands; 
but he understood that it was to be given to the Council, and not to 
th(» me(*tinir. 

The Pre^itfhnf. — It would seem that the Society ought to be ad- 
vised of such a matter ; but it can perhaps be done later, after the 
Council have seen it. 

Pntf. Stoe^J. — I think it would lie better to let it lie over until 
Professor Trowbridge comes himself. 

'Plie Pr^xulfnl. — The introduction of new resolutions comes 
next. 

J//*. liai/les. — I have a letter which I bring to the notice of the 
Society. The facts are briefly these: During the past summer two 
gentlonen, well known to many of our members, were in England 
and had conversations with a ffood manv members of the British 
Iron and Steel Institute, and one of them, Mr. Carnegie, had a for- 
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mal interview with the Council of the Institute. The general 
opinion expressed by those gentlemen was that it would be greatly 
to their pleasure to come to this country in 1831 and here hold a 
meeting, if the proper recognition could be received, and if it 
would be made pleasant for then). The method they proposed to 
adopt in bringing this about was to attend, as members, the meeting 
of the British Association in Montreal and then come over the 
border and hold their fall meeting here, if it could be so arranged. 
This matter has been somewhat canvassed before. The Institute 
of Mining Engineers once took formal action, and feel rather sore 
at the way it was received. It is not probable, therefore, that from 
that Institute, or from any organized society in this country, will a 
formal invitation to the British Iron and Steel Institute to hold 
a meeting here — an invitation involving responsibility' for their en- 
tertainment — be extended. But that matter is being approached 
in a different way, and it has been deemed expedient to communi- 
cate with them to the effect that if it is their pleasure to come to 
Montreal and attend the meetings of the British Association, it 
will be our pleasure to have them come across the border and we 
will try to make their visit pleasant. Such a letter to the Secretary 
of the British Iron and Steel Institute has been prepared, is being 
circulated, and has received a considerable number of signatures of 
iron masters. I will, therefore, offer this resolution : 

Resolved^ That the Council be requested to appoint a committee 
of three members to co-operate with committees representing the 
Institute of Mining Engineers and the Society of Civil Engineers, 
to consider and report what action should be taken in the event of 
an expression by the British Iron and Steel Institute of a desire 
to hold a meeting in this country in 1884-. 

The resolution was adopted. 

Mr. Towne, — I had understood that the Committee on Kevision 

of Rules would make a report, and I looked with interest to see 

what the nature of their recommendations might be. As it seems 

that we are not to have that report before us, I would like to ask a 

few questions of the officers of the Society and suggest to the 

meeting the expediency of considering the question of ways and 

means. It seems to me that if we are not bankrupt we are at least 

without funds for carrying on the work, and without much prospect 

of having the funds needed for the work of the coming year. And 

the question comes to me in this shape: Is it not expedient that 

our annual dues should be increased ? At present they are ten dol- 

2 
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lars a year. An increase of two dollars beyond that would be 
twenty per cent, and wonld give ns eight or nine hnndred dollars 
more to expend than we now have. It is a question that perhaps 
some of the officers and older members of the Society can answer 
better as to whether that increase in the rate would be onerous 
upon any of the members or upon any considerable number. If 
not, I consider it would be a wise thing to make a change of that 
kind. Before offering a definite resolution to that effect, I hope 
that other members of the meeting will express their views. 

Mr, Porter. — I am im])res8ed with the conviction that the So- 
ciety is not in a desperate condition. On the contrary, I believe 
that it is in an exceedingly good condition ; that its future financial 
ability rests upon that steady and substantial growth of member- 
ship and an increase of interest which is now being witnessed. Our 
membership is increasing. The interest of our meetings is increas- 
ing. The character of our papers is improving. The finances of 
the Society are being husbanded ; and I am satisfied that we have 
only to go on in this steady, healthy, conservative manner, and that 
the end will be satisfactory to all the members, and that no action 
of any kind whatever looking toward any change of a radical 
nature is desirable. 

Mr, Samuel Wehber, — I am decidedly opposed to any proposi- 
tion to increase the fees of membership. I think it is more easy 
by individual effort to double the membership, which ought to be 
done. (Applause). I have two or three candidates myself to pre- 
sent and I have asked the Secretary for blank applications. I 
think the annual fees are ample. 

There is one thing more w^hich Professor Egleston referred to. 
I must confess, as one of the original members, that I have been 
somewhat disappointed in some of the precedents of the Society. 
The papers presented to the Society have not been of a sufficiently 
practical character to interest members. (Applause). It is to that 
that the lack of interest in the Society is to be attributed. If we 
could have practical common sense, matter-of-fact opinions that me- 
chanics can understand and be interested in, the interest in the So- 
ciety would increase and its finances would be placed on a satis- 
factory basis. 

Mr, Weightman. — In regard to that motion of last year to amend 
the rules, I happen to be the one that made it. Last year the mo- 
tion was made on account of two conflicting amendments. The 
motion was made in the Society that a committee should be ap- 
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pointed by the Chair to report and attend to the revision of con- 
flicting parts of the by-laws. That committee was appointed under 
the auspices of the Society, and not under the auspices of the Coun- 
cil ; so I can hardly see why that report should not come direct to 
the Society at once rather than go to the Council. And then also 
in regard to this additional two dollars : that of course would have 
to come up as an amendment and would be out of order at the 
present time. An amendment to the by-laws calls for a motion 
given at one meeting and action at the next annual meeting. The 
revision of the by-laws referred to in my motion was an arrange- 
ment of those by-laws so that no one part should conflict with the 
others, and that report was to be made to the Society itself, as I 
understood it. 

Trof. Sweet — It is not too late to have that done. The com- 
mittee could report to the Council meeting and then it can be 
brought up before the afternoon meeting. If it can be sent out in 
the form of a ballot, probably it would be more satisfactory all 
around ; then the members can vote for such changes as they 
wish to. 

Mr. Wei^htman. — Then, Mr. President, all that committee has to 
do is to give notice that they propose a general amendment to the 
by-laws ; then they can pass that around and it can be decided at 
the next annual meeting. 

Prof, Sweet. — Prof. Trowbridge wished to put it before the 
Council first and have some resolution to authorize the committee 
to do this, so that we would not have to wait a year as we have to 
now. As the rules are now a change could not be made this year. 

Mr. Weiffhtman. — Even that, Mr. Chairman, it strikes me it has 
to come before the Society. The Society is the only body that dis- 
penses with its rules temporarily. 

Prof. Sweet, — Can it not be done at the afternoon session as well 
as this forenoon session ? 

Mr. Weightman. — Certainly. 

Mr. HoUoway. — As a retiring member of the Council, whose ses- 
sions I have very rarely attended, I would like to say that the 
Council want to get at the sense of the members in regard to a 
great many of these points and that is brought out by these very 
discussions. I think it would aid them very much, in a great 
many others that come before them, if they had the expressions of 
the members themselves on those various points. It is perhaps a 
mistake to refer so many things to the Council, but it would seem 
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to me that in many of these points a simple word or so from the 
various members would give the Council a clue as to the sense of 
the Society. 

With regard to the raising of the annual dues, I would say that 
I think it would be improper to do that ; and in order that we 
might understand something as to the progress of the Society and 
something as to the probability of its future and revenue — I think 
very few of us know how very rapidly the Society has increased in 
numbers — I would request that the Secretary give us very briefly 
something as to its progress, so that we may have some idea of what 
the future is going to be. 

Mr. Oberlin Smith. — I move that the Secretary give us a brief 
resume of the prospective finances of the Society. 

The Secretary. — The growth of the Society this year since No- 
vember, 1882, has been 97 ; and I have good reason to infer that 
during the coming year the growth will be more than in the year 
that is past. The present membership is 454, including those that 
are coming in now and with one or two exceptions of members 
who are in arrears, and whose names will probably be withdrawn 
from the list. Perhaps the actual year during which the canvass 
for new members has been made, is the year from March, 1883, 
rather than from November, 1882, to November, 1883; so that I 
have every reason to think that the growth next year will be even 
more rapid than this. Of course that means an increase in the in- 
come this year of $1,500 from initiations (one hundred members) 
and of a thousand dollars from dues. This is an increase in oui* 
income this year of $2,500 over what it was in 1882. There will 
be no increased expenditure beyond the comparatively small ex- 
pense resulting from the increase in bulk of the transactions. 

Mr. Oherlin Smith. — Will there be enough, if we have that in- 
crease of membership, to cover all expenses ? 

The Secretary. — So far as the estimates of the Finance Com- 
mittee throw any light upon it, there ought to be a surplus of $500, 
as a minimum. Of course that is with the supposition that all the 
members will pay up with the exception of an estimated fifteen 
per cent. 

Mr. Towne. — I am very happy indeed, Mr. President, to hear so 
favorable a prognostication, and in view of that it seems to me that 
no immediate action in this matter is required. But we cannot 
count on permanently and indefinitely increasing our membership 
and depend on the initiation fees of new members to meet current 
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expenses. The time will come when that will be a small portion 
of the receipts. I am happy that the discussion has brought out 
so satisfactory a statement of the prospects for next year. 

The President, — In regard to the functions of the Council, the 
Council have felt m^ost decidedly tliat they are the servants of the 
Society. They have been very guarded in their action in matters 
which they thought properly belonged to the Society ; and as to 
the matter of the revision of the rules, that was a heritage which 
was left to the President from the preceding Council, and he acted 
as promptly as was judicious in appointing a committee. We feel 
that the Society should understand thoroughly what is going on, 
and that they should have the privilege, as they have the right, of 
acting entirely for their own interest, and I have no reason to be- 
lieve that any persons whom you may elect to office will feel other- 
wise, 

I will call on Mr. Porter for the report of the tellers. 

Report op Tellers Appointed to Count the Ballots for Officers. 

The tellers appointed to count the ballots for officers respectfully report that 
the result of the ballot for officers of the Society to fill the places falling vacant 
under the rules is as follows: 

For President — There were returned 199 ballots, of which Professor John E. 
Sweet received 197, and Messrs. Leavitt and Trowbridge each one. 

For Vice-PrmdenU—k. B. Cowch received 196, W. R. Eckart 197, and J. 
V. Merrick 198, and there were three scattering. 

For Managers— W. F. Durfee received 194, Oberlin Smith 187, C. C. Worth- 
iogton 193, T. W. Rae 9, and 8 werp scattering. 

For Treasurer— QhdkvXviS W. Copeland received 198 votes, and T.W. Rae one 

vote. 

Respectfully submitted, 

Chas. E. Emert, 

W. P. Trowbridge, )■ Tellers. 

Chas. T. Porter. 

Mr. Wolff, — It seems to me that if the Council are so desirous of 
carrying ont the intentions of the members, as I think they are, 
they have unwittingly erred in regard to counting the ballots. The 
rule says the blank envelopes shall be opened by tellers at a regu- 
lar meeting' and the names of candidates elected shall be then an- 
nounced. That has been heretofore the custom. The tellers have 
been appointed at this meeting and the ballots were counted here 
and the vote taken here and the announcement made. Now, it 
seems this time it has been done previously to the meeting. It is 
possible that the President has ordered this without asking the 
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members about it; but certainly nothing has transpired in the 
meetings to give the idea that tellers were appointed. 

The Secretary. — Tellers were appointed last evening. 

Mr. Wolff, — The reason I made this remark was that I under- 
stood that the ballots had been opened at a previous date to this 
meeting, and I think that that was in violation of the by-laws, 
though of course I do not think that any such violation was in- 
tended. 

The President, — The Chair appointed members of the Council as 
tellers to count the ballots for new members. These tellers sup- 
posed that under the resolution introduced by Mr. Holley they 
were authorized to count the ballots for officers also, which they 
proceeded to do, and I did not discover the mistake until it was 
too late to correct it. The Chair having the undoubted right to 
appoint tellers to count the ballots for officers, appointed the same 
tellers and they reported to the Society ; it was only a matter of 
misapprehension. 

Mr. Wolff. — I would not have you believe that I looked upon 
it in any other way. It was simply that I wished to call attention 
to the fact that it was a deviation from the by-laws. 

The Secretary then read the 

REPORT OF THE TELLERS 

APPOINTED TO COUNT THE BALLOTS FOB MEMBERS. 

The TeUers appointed by the Council under Rule XIIL, as amended at Hart- 
ford, 1881, would report as follows : 

They have scrutinized and counted the ballots for members. Two hundred and 
fifteen (215) votes were received. There were not enough negative votes to de- 
feat any of the candidate proposed, and the following gentlemen have been elected 
to the Society in their respective grades : 

MEMBERS. 

Ball, Frank H., Ball Engine Co., Erie, Pa. 

Barry, Augustus B., Copp Bros. & Barry, Hamilton, Ont., Canada. 

Bbabdslet, Arthur, Prof, of Mechanics and Engineering, Swarthmore College, 

Swarthmore, Del. Co., Pa. 
Bbggs, James, 9 Dey Street, New York City. 
Blodgett, George W., Electrician, Engineer's Oflftce, Boston & Albany, R.R., 

Boston, Mass. 
Butteufield, Frederic E., Designer and Draughtsman, Deane Steam Pump 

Co., Holyoke, Mass. 
Campbell, George W., Engineer, U. S. Illuminating Co., New York City. 
Carpenter, R. C, Prof, of Engineering, State Agricultural College, Lcmsing, 

Mich. 
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Cheney, Walter L., Asst. Supt. Hancock Inspirator Co., 34 Beach Street, 
Boston, Mass. 

Cole, Wendell J., Detroit Emery Wheel Co., P. O. Box 84, Columbus, Ohio. 

Donovan, Williax F., Yale & Towne Manufacturing Co., 64 Lake Street, Chi- 
cago, 111. 

Duncan, John, Asst. Supt., Calumet and Hecia Mine, Calumet, Houghton Co., 
Mich. 

DuBAND, William F. . Asst. Engineer, U. S. Navy, Birmingham, Conn. 

Elmes, Charles F., Engineer and Designer, Fulton and Jefferson Streets, Chi- 
cago, 111. 

FoKSYTH, William, Mechanical Engineer, C, B. & Q. R. R., Aurora, 111. 

HiBBASD, Henry D., Springfield Iron Co., Springfield. 111. 

Mackinsey, William Childs. H. W. Butterworth & Sons, 719 East York St., 
Philadelphia, Pa. 

Matla:ck, David J., I. P. Morris & Co., 1057 Richmond St., Philadelphia. 

McFabland, Walter M., Engineer Corps, U. S. Navy, Cornell University, 
Ithaca, N. Y. 

Mesbimer, Hillary, Engineer and Designer, Coxe Bros. & Co., Drifton, Luzerne 
Co., Pa. 

Millholland, William K., Supt. Falls Rivet Co., Cuyahoga Falls, Ohio. 

Moffat, Edward S., Asst. General Manager Lackawanna Iron & Coal Co., 
Scranton, Pa. 

Newcomb, Charles Leonard, Supt. Deane Steam Pump Co., Holyoke, Mass. 

Pechtn, Edmund C, Consulting Engineer, Cleveland, Ohio. 

Porter, John B., Metallurgist and Chemist, 17 W. TliirdSt., Cincinnati, O.. 
or Glendale, Hamilton Co., Ohio. 

Roger?, Charles L., Designer and Draughtsman, Bethlehem, Pa. 

Swain, George F., Asst. Prof, of Engineering, Mass. Inst, of Technology, Bos- 
ton, Mass. 

Tatnall, James E., Metallurgist and Engineer, Bethlehem, Pa. 

Thomas, John, Supt. Thomas Iron Co., Hokendauqua, Pa. 

Tddor, Frederic, Heating Engineer, 202 E. Twelfth Street, New York City. 

Uehling, Edward A., Bethlehem Iron Co., Bethlehem, Pa. 

Whipham, JayM., Asst. Engineer, U. S. Navy, Bureau of Steam Engineering, 
Navy Dept., Washington, D. C. 

ASSOCIATES. 

Hall, John H,, T. R. Pickering & Co., Portland, Conn. 

Stockley, George W., V. P. & Manager Brush Electric Co., Cleveland, Ohio. 



JUNIORS. 

Hill, Will^m, Colling Company, CoUinsville, Conn. 
Soter, George A., 272 East Houston Street, New York City, 



PROMOTIONS TO MEMBERSHIP. 

Wallis, Mather J., Supt. Motive Power, P. B. & W. & B.& P. R. R., and 
Junior A. S. M. E. 
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At the close of the business session, the President called" for a 
paper by Mr. Hoadley on " A Tumbling Water Meter for Experi- 
mental Purposes." 

Mr. Hoadley. — It may be appropriate to say a few words with 
relation to the occasion that called out this little invention, more 
in detail than it would be becoming to put on our record. In a 
case in which I was engaged it became necessary to substantiate 
certain well-known principles of physics too clear, ahnost too axi- 
omatic, for proof. The statement seemed to be the highest possible 
proof of which they were susceptible. The whole theory of the 
other side depended on the denial of those axiomatic principles, so 
that opinions did not seem to be of any use. In order to meet 
opinions more weighty and more authoritative than mine, it was 
necessary to have facts based on quantitative experiments, so that 
after a series of public experiments in actual wells, I devised a 
series of physical experiments wliich might be called laboratory 
experiments. It became necessary to measure under certain definite 
conditions actual quantities of water, and to know precisely both 
the quantity of water and the time in wliich these waters moved. 
Attempting to use the piston water meters and valves, I found they 
were frequently obstructed by line sand ; and if I screened out the 
fine sand the remaining sand was too porous. Consequently I was 
led to devise this little apparatus, which is not liable to such ob- 
struction. 

Mr. Hoadley then read his paper, and Messrs. Grimshaw, Ober- 
lin Smith, Emery, Odell, Partridge, Porter, Strong, Wolff and 
Leavitt took part in the discussion which followed. At the close 
of the discussion Prof. Egleston's paper was called for on " A Ma- 
chine for Observing the Physical Properties of Metals." A discus- 
sion followed, led by Messrs. Oberlin Smith, Durfee, Grant, 
Towne, Grimshaw, Leavitt, Webber and Hobbs. 

The hour for recess having been reached, the Secretary read an 
invitation from Prof. G. W. Maynard to visit the llecla Iron 
Works in Brooklyn, where the Bower-Barff process for rustless iron 
is carried on, and a recess was then taken until half-past two. 



AFTERNOON SESSION, 2.30 P. M. 

Mr. llolloway. — In the absence of the President, I am requested 
to call the meeting to order. I believe Mr. Towne wishes to make 
a remark if you will give your attention for a moment. 
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Mr. Tawne. — I understood there -were some business matters to 
be cleared awaj before going on with the papers, and I wish to 
take the opportunity of saj^ing that we desire to have the presence 
of all the members on the excursion to Stamford. The preparations 
for receiving them are complete, and I think I can promise you all 
an interesting day. There are a good many novelties there, and in 
addition to the works generally, machines will be operated which 
are novel, and I think the performance will interest you all. 

Mr. Holloway. — I think there is nothing to prevent us all from 
attending the excursion generously tendered to us to-morrow. 

Mr. Durfee read a paper on a Power Crane, and Messrs. To^ne 
and Barnes took part in the discussion of it. 

By request of Mr. Angstrom, the Secretary read his paper on "A 
New Valve Motion," which was illustrated by a model showing the 
parts. At its close, Mr. Angstrom, in answer to questions, showed 
the working of the gear as compared with those of Marshall and 
Joy. Prof. Thurston, and Messrs. Barr and Strong took part in 
the discussion. 

The Chairman then called for Prof. Thurston's paper : ^* A Note 
on the Pressures attained under the Drop Press." Messrs. Couch, 
Towne, Higgins, Smith, Morgan, Grant, Bond and Holloway took 
part in the discussion. 

After Mr. Oberlin Smith's paper on " Machine-shop Algebra," 
the Secretaiy read some letters of invitation from Prof. G. W. 
Maynard, of the Bower-Barff Process Co., from Col. Paine, of the 
East River Bridge, and from the Controlled Combustion Co., ex- 
tending hospitable courtesies to members of the Society while in 
this city. 

Mr. HoUoway. — I move that the thanks of the Society be ten- 
dered to Colonel Paine, Professor George W. Maynard, and to Dr. 
Mott, of the Controlled Combustion Company, for their courtesies 
tendfired to the Society. 

Agreed to. 

The Secretary. — There has also been handed to me an amend- 
ment to our rules respecting the nomination of officers. It was in- 
troduced at the last meeting, and the constitutional time has passed. 
The present system is that at the meeting preceding the annual 
meeting, the President has authority to appoint a committee of live 
members who nominate a straight ticket, and that ticket is for- 
warded by the Secretary to the members who have the power to 
erase and substitute other names. The method proposed, as you 
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will see, is somewliat different from the one we now have. The 
amendment is as follows : 

Article 28. At the regular meeting preceding the annual meeting of the 
Society, a Nominating Committee consisting of not less than five members, and 
tbey not officers of the Society, shall be appointed by tbe President. This Commit- 
tee shall request from each -member bis choice, in writing, of a candidate for each 
vacancy, such list of candidates being communicated to the Nominating Com- 
mittee two months previous to the annual meeting. From this list of preferences, 
the Committee shall select such three of the candidates for each office as shall 
have received the highest number of indorsements for the specified office ; and 
these shall constitute the nominees. A printed list of the three nominees for 
each office shall be mailed by the Secretary to each member and associate, in the 
form of a letter ballot, at least twenty days before the annual meeting, to be 
voted upon. 

Prof. Sv)eet. — If I understand the resolution, it requires* the 
Nominating Committee to write a letter to each and every one of 
the members of the Society. That of course might be done by the 
Secretary by sending out a printed request or something of that 
kind. It ought to be arranged so that it can be done by the Sec- 
retary and not by the Nominating Committee. Another point about 
it is that there is no guaranty that the party selected will accept the 
nomination. I would like to state a few facts of which I am in 
possession, and of which I believe no other member of the Society 
is in possession. First, there have been more members chosen for 
office in the Society that have refused than have ever been elected. 
Secondly, there has never been in the Society up to this year — 
and I presume the same is true of this year — there has never been 
nominated or elected any member who sought the office in any way, 
directly and indirectly. Thirdly, I wish to say there have been 
men seeking office who were not nominated. These three points 
had better be borne in mind before you change the rule. We have 
all been mechanics long enough to know that there are a good 
many things we think will work all right, but when we come to try 
them they do not work at all ; and we know of a good many things 
that are theoretically wrong but work very well in practice. The 
Mining Engineers had a rule very much like the one which is pro- 
posed, but they found in practice it did not work. It was not ex- 
actly like this perhaps, for they had no Nominating Committee, and 
they found it necessary to have a Nominating Committee. Who 
have been presidents of the Mining Engineers ? Dr. Raymond, 
Mr. Holley, Mr. Hewitt, Mr. Ecklcy B. Coxe. Do you want a better 
set of men than the Mining Engineers have had for officers? 
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The President. — I hope this matter will be thoroughly discussed, 
because I think it is a very serious one. 

Prof. Thxirston. — I should think it best that a time be set for 
the debate on this motion, and I would move that this motion be 
called up as the first in the regular order of business to-morrow 
evening. 

Agreed to. 

The meeting then adjourned to the following day at 8 o'clock, 
P.M. Several members visited the point where a steam boiler was 
operating under the methods of the Controlled Combustion Co. 
In the evening a large deputation visited the Fair of the American 
Institute, whose Board of Managers had courteously furnished 
tickets to the attending members. 



SESSION OF FRIDAY, NOVEMBER 2, 8 P.M. 

The President. — The first matter to come before us to-night is 
the amendment to Article XXVIII. 

The Secretary read the amendment, as presented at the previous 
session. 

Prof, Thurston. — I made the motion that this come up to-night 
as the first in the order of business, not only in order that there 
should be time for discussion, but also that there should be time for 
the members to think about it. The method of election now 
adopted by the Society is, I suppose, known by every member to 
have been, substantially, that previously adopted by the Society of 
Mining Engineers, and that they were driven into that method by 
the lack of interest of their own members ; the ditKculty of securing 
nominations in that Society led to the appointment of a Nominating 
Committee and that Nominating Committee is still instructed by their 
rules to present a list of candidates. In the making up of the rules 
of this Society, the experience of the Mining Engineers has been 
a matter of consideration in the settlement of this point. It was 
determined to give this provision the form which it has here taken, 
and to adopt the method now familiar to all as that which the So- 
ciety has practiced from the beginning. There is undoubtedly an 
objection to that method of nomination in the fact that the mem- 
bers do not have very much opportunity of choice. That objection 
is probably not as great as it might seem to be, from the fact that, 
if a nomination is made which is in any way objectionable, members 
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enough can always be found to get out a slate which may be pre- 
sented in competition with the Nominating Committee's ticket. 
How far the objection to the present method of nomination may 
prove to hold good, ultimately, of course no one can say. My own 
impression is that our present method is a tolerably safe one. I, 
myself, should like to see two or three or more names, if necessary, 
presented, if it were practicable, in order that I might have a choice 
in votifig; but it is a matter about which I, as yet, have no decided 
preference. The fact that the rules have taken their present form 
partly through consultation with me has, in some measure, com- 
mitted me to the present method ; but I am not strongly tied to 
it, and, if a better one is found, I shall be glad to give my vote for 
it. A complete change, such as is now proposed, would perhaps 
do no harm, if the method can be practically carried into eflFect. 
The method now adopted has, as yet, done no harm, and it has 
been carried out successfully. A compromise method has been 
proposed, which may perhaps meet the views of members better 
than either of these methods; that is, to instruct the Nominating 
Committee to present several names which maybe presented to the 
members and from which they may choose. This is a matter for 
present discussion, and I hope the discussion will be free. 

Mr, Weightman. — Yesterday afternoon, in the absence of Mr. 
"Wiley, I was requested to move the adoption of the amendment, so 
that a debate upon it would be in order. But on the recommenda- 
tion of Prof. Thurston it was postponed until to-night. I see Mr. 
Wiley is not here, and I hardly know exactly what to do. It 
would perhaps be as well, instead of making a motion for the adop- 
tion of the amendment while Mr. Wiley is absent, to make one 
that it be referred to the present Committee on Revision of Rules. 
Then it will come up with the balance of the amendments and 
come before the Society as a whole in a year from now. I would 
make that motion. 
Agreed to. 

The President. — The Chair desires to express his satisfaction as 
an individual member at this, because the committee is very desir- 
ous of having the views of individual members of the Society in 
regard to the revision, and I think it would be very wise if each 
member who desires to see any amendment of any rule would 
write to Prof. Trowbridge as chairman of that committee. I can 
see that there is a difficulty in our present method, and that it 
might appear that there possibly would be a ring, and that the Presi- 
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dent, perhaps, might so constitute a Nominating Committee that if 
he wanted a renomination he could get it. I hope any man who 
has definite views on this subject will communicate them to this 
committee. 

I will call upon Mr. C, J. H.Woodbury to read a paper on ''Ex- 
peHments upon Non-conducting Coverings for Steam Pipes." 

Mr. Woodbury read a paper with this title by Prof. Ordway, of 
Boston, and Messrs. Thurston, Grimshaw, Emery, Barr and Leavitt 
took part in the discussion. 

The Secretary. — There are three papers to be read by title. Mr. 
A.W. Kobinson, of Montreal, Canada, presents a paper on "Motion 
Curves for Slide Valves." I have that paper in print, and the dia- 
grams which illustrate it. There is also a paper by Prof. Thurston 
on the " Tlieory of the Turbine," which is also in print ; and there is 
a paper by Mr. Harris Tabor, of Pittsburgh, on "Compression as a 
Method of Governing Steam Engines." 

At the request of several members. Prof. Thurston gave an ab- 
stract of his paper on Turbines as affected by the whirl of the 
water. ^ 

Prof. Thurston. — Before leaving the stand I will call the atten- 
tion of the Society to a matter which I was asked to bring before 
it. The American Association for the Advancement of Science has 
formed a section of "Mechanics" which has been in operation for 
about two years, and in that section it is hoped that members inter- 
ested in mechanical matters will group themselves. The meetings 
of the Association take place annually, usually about tlie end of 
August. The section of Mechanics contains very few members, 
and it is proposed by the gentlemen who are now in that section 
to send out circulars to the members of this Society inviting them 
to come in and take part in the formation of a section in that Society 
which shall devote itself to the applications of science in the arts. 
That Association, so far, has been a purely scientific association, 
although there has been an applied side in its work. The fees of 
the Association are three dollars a year. Tlie opportunity there of- 
fered to make the acquaintance of others who have the same inter- 
ests is one should not be slighted. Prof. Webb is now Secretary 
of the section, and would be very glad to give any information 
respecting it to gentlemen who may talk to him or write to him 
about it. 

Prof. Webb. — The next meeting of the Association is purposely 
placed a little later than usual. It is supposed that it will occur about 
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the third or fourth of September, and will be in Philadelphia. It 
is arranged in tliis way for the British Association who meet in 
Montreal the week previous, and it is thought a large number of 
the members of the British Association will come to Philadelphia 
to attend the meeting there. 

Mr. Oherlin Smith, — I understand that it is to be the policy of 
this Society hereafter not to publish in the transactions all the 
papers read, as they have done heretofore, nor a very large propor- 
tion of them. I do not know what proportion, but a large percent- 
age are to be omitted entirely, I understand. It seems to me that 
that is a wrong policy. Of course, objectionable papers are offered. 
Such should be refused at first. If a paper is good enough to be 
read before the Society and discussed, it seems to me it is good 
enough to go into the transactions, and the very object of those 
transactions is to form a record of the doings of the Society. I 
understand in the Civil Engineers' Society, nearly all the papers 
offered are accepted, a very small percentage only being refused, 
and that nearly all are put into the transactions, some few being left 
out on account .of mistakes being made in hastily reading them 
over when first offered. Their rules allow abstracts of papers to go 
into the transactions. If it is a mere matter of economy, it 
seems to me that it would be a better plan to delay the publication 
for a time than to omit altogether. 

The Secretary, — I would reply that if such an impression was 
derived from what the Secretary said, it certainly was not the im- 
pression intended to be conveyed. Hitherto, when about twenty 
papers h^ve been presented to the Society, it has been the case 
sometimes that perhaps two of those papers have not been pub- 
lished. The reason for omitting them has been one of finance. 
What the policy of tlie Society will be in the future is entirely an open 
question. I agree with the speaker that a paper which should not 
be published should not be read. But no precedent in any sense has 
been established hitherto, nor do the Publication Committee propose 
to be held by any precedent. If circumstances will permit, all 
papers will be published which are read before the Society. 

Prof. EgUston, — As there seems to be some doubt about the fu- 
ture financial ability of this Society, I would move that the Society 
resolve itself into a Committee of the Whole, and every member of 
it into a committee of one, to bring members into the Society, bo 
that we shall have plenty of funds, and have no anxiety about this 
question of finance. 
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Mr. Oherlin Smith. — I am very glad that I misunderstood the 
Secretary, and that it is not necessary to make any motion on the 
subject. 

Mr. Le Van. — A great many papers have been read here that 
ought not to be read. If any one should try to use this Society as 
an advertising medium, I think there ought to be some way to pre- 
vent snch papers from being read. I think there are some papers 
published in our transactions which some day we shall wish we 
could erase. 

The Secretary read a letter from Mr. R. H. Soule, Superintendent 
of Motive Power of the West Shore Road, in reference to the ex- 
cnrsion November 3d, on that road. 

Mr. Oherlin Smith. — I beg leave to oflfer the following resolu- 
tion: 

Resolved, That we tender our thanks to the Anierican Society of Civil Engi- 
neers for their cordial co-operation in arranging for the present meeting, and for 
tbe use of their rooms for our sessions. 

Adopted. 

Mr. Ihirfee. — Mr. President, I desire to offer the following reso- 
lution : 

Resolved, That the thanks of this body are due to the local committee for the 
New York meeting, and to the executive committee, for their very satisfactory 
arrangements for the entertainment of the Society while in the city. 

Adopted. 

Mr. Holloway. — I offer the following resolution : 

Resolved, That the thanks of this Society are extended to Mr. Soule, Superin- 
tendent of Motive Power of the New York, West Shore and Buffalo Railway, 
and to the New York, West Shore and Buffalo Railway Company, its Manager 
and Assistant Manager, for the excursion to Kingston, tendered to the Society, 
and for the other courtesies which the Society expects to receive at their hands 
to-morrow. 

Adopted. 

Prof. Webl. — I am sure that all will concur in adopting the fol- 
lowing : 

Resolved, That the thanks of this Society are due to Mr. Towne, of the Yale 
&Towne Manufacturing Company, and his associates, for the very enjoyable visit 
to 1)19 works at Stamford, and for the admirable manner in which the excursion 
and entertainment were conducted. 

Adopted. 

Mr. Weightman. — A year ago a certain resolution was neglected, 
though it was spoken of afterward. It occurred to me at the 
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time, though I did not attempt to call it up. On the retiring of 
Prof. Thurston and his associate officers, it was unfortunately 
neglected to offer a resolution of thanks for the close attention that 
Prof. Thurston had paid to the organization and building up of 
this Society during two years, and we are about to adjourn again 
before we have at least thanked our present retiring officers for their 
services. Therefore, I would move that a resolution be adopted 
thanking Prof. Thurston and his corps of officers as well as the 
present retiring officers for their services, and for the close attention 
they have given to the affairs of the Society. 

M)\ ItoUoway, — In seconding that motion, which I do with the 
greatest pleasure, I would like to add that we make it somewhat 
cumulative. We all are certainly very much indebted to our re- 
tired presidents for what they have done for the Society. I take 
the liberty of putting the motion. 

The resolution was adopted. 

Mi\ Leavitt — As Professor Thurston was President for two 
years I think he ought to respond. 

Prof, Thursfm^. — I have forgotten my speech. It was prepared 
a year ago. (Laughter). 

Mi\ Leavitt, — I must thank you for your kindness to me during 
my tenure of the office of President, and I bespeak your kindness 
for my successor, whom I am sure you will delight to honor. 

The meeting then adjourned. 
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EXCURSION DAYS, 

Friday, November 2d, by invitation of Mr. Henry E. Towne, 
President of the Yale & Towne Manufacturing Company, tlie So- 
ciety spent the day at their works at Stamford, Conn. Two special 
cars were attached to a regular train on the N. Y., N. II. & II. R. K., 
and were switched into the Company's yard. An escort of gen- 
tlemen of the works piloted the visitors, leading them through the 
foundry, pattern shop, '* post-office" building, pulley-block shop 
and the machine shop for building the Emery Testing Machines. 
A lunch was served in this, as yet unfinished, shop. After 
luncheon the engine and boiler house were visited, and the new 
crane shop was inspected. Tlie hammer shop, the lock depart- 
ment, including the profiling, plating and grinding rooms, led 
the way to the open room where the 75-ton Emery Testing Ma- 
chine was erected. After a brief description of the special features 
of the machine, a piece of iron was broken by tensile strain, another 
by compressive strain, and a piece of timber by compressive and 
another by transverse strain. The party boarded their special cars 
after these experiments, and returned to the city. 

Saturday, November 3d, by the courtesy of the New York, West 
Shore & Buffalo K. K., an excursion to Kingston and return was 
tendered to the Society. A special train awaited the party at the 
new Weehawken terminus, to which they had been conveyed by 
tug and by the new ferry-boat Newburgh. The train carried the 
special manager's car for the use of the ladies, and the seats had 
been removed from another car that it might be used as a dining- 
car. The beauty of the ride was very thoroughly enjoyed, and the 
special features of the line were admired. Lunch was served at 
noon and while the train was at rest at Kingston. Returning, a 
stop of an hour was made at West Point, and the party reached 
Jersey City after dark. 
"3 
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MOTION CURVES OF CUT-OFF VALVES. 



Amono tlie many forms of diagram illustrating geometrically the 
movement of slide-valves by eceeritnca, none have come under tlie 
writer's observation which will satisfactorily represent the distribu- 
tion of steam effected by that class of valve gear in whieJi a main 
slide-valve, actuated by link motion, constitutes a moving seat for 
double cut-off valves. 

Looking at the slide-valve in its simplest form, operated direct)/ 




by a single eccentric, the effects produced by certain proportions oi 
lap, lead and travel are comparatively well known and easily under- 
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stood ; but when a link motion is introduced for eftecting expansion 
within certain limits, as well as reversing the direction of motion, 
the action becomes extraordinarily complicated. Put, now, on the 
back of this motion double variable expansion valves, and it be 
comes a subject affording an unlimited field to engine designers 
and mathematicians for study and investigation. 

The form of diagram about to be des(;ribed is a modification of 
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Fig. 2. 



one already known to some engineers, and the idea of adapting the 
principle to link motions and variable cut-off valves, so as to show 
the extent and duration of the port opening, occurred to the writer 
while designing a small condensing marine engine recently, the 
dimensions of which are selected for the present illustration. 

In the diagram No. 1, the large circle representing the path of 
the crank-pin is divided into a number of equal parts — 12 in this 
case. These points of division are projected up to the line A B^ 
which represents the stroke of piston, the points on which thus ob- 
tained are tlie piston positions corresponding to the numbered 
divisions of the crank-pin circle. The motion of the valves must 
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now be considered to take place at right angles to the line A J3^ so 
that distance horizontally represents piston movement, and distance 
vertically represents valve movement. Now, suppose the diagram 
to be moved horizontally a distance equal to and corresponding 
with A -B, or the stroke of piston, in a similar manner to the move- 
ment of an indicator diagram, while the valve, receiving its relative 
motion from the link, moves vertically on it; then a point in the 
centre of the valve \vonld trace a curved line of an elliptic form. 
This motion curve may be taken to represent the path of the centre 
of the main valve, and it may be drawn for various positions of the 
link, those shown in the diagram, Fig. 1, being full gear forward, 
second notch forward and full gear back. They are laid down by 
ordinates derived from diagrams of link positions similar to Fig. 4, 
which shows the journeyings of the link through its successive po- 
sitions corresponding to the before-mentioned divisions of the 
crank-pin circle. A curve showing the exact movement of the 
main valve being drawn in this way, we can now draw parallel 
curves to represent the movement of its edges over the ports in the 
valve seat, as shown in diagram. Fig. 2. The ports are projected 
across the diagram from CZ>, etc., and the extent to which they are 
opened during the stroke for steam or exhaust is shown by the 
curves of the outer and inner edges of the valve respectively. Ke- 
ferring to Fig. 2, it will be seen that the steam opening commences 
with ■^^■' lead at C ; then, w^idening rapidl}', it reaches its maximum 
at about ■^^" of the stroke, after which it gradually closes, cutting 
off at yV ^^ ^^^ stroke. 

Proceeding now to consider the movement of the cut-off valves, 
it will be seen that, if we draw parallel curves representing the 
moving parts in the main valve, we may lay down the movement 
of the cut-off valves over them in a similar manner, and thus trace 
the events between them. The position of the cut-off eccentric be- 
ing diametrically opposite the crank-pin, the movement of the cut- 
off valves, if we suppose it to be traced in a similar manner to the 
main valve, will be represented on the diagram by straight lines K 
G and L 2?, Fig. 3, and variable positions of their edges to effect 
any desired cut-off will be straight lines parallel to K G and L D. 
In the example the shaded areas of the part terminated by these 
lines represent the port opening up to their respective points of 
suppression by the cut-off valves. The various proportions of the 
cut-off valves for any desired range of expansion may now be de- 
termined by direct measurement from the diagram. For example, 
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if the range of cut-off is to be from ^ to }, the distance, J M^ be- 
tween these two positions, is 2 inches, which is the limit of adjust- 
ability for each valve. In like manner the necessary width in order 
to cover at extreme travel wull be equal to iTP, plus a small amount 
for cover; and if at the latest limit of cut-off the inner edges of 
the valves are shown to overlap each other, the ports in the back 




Fig. 3. 



of the main valve must be separated by that amount in order to 
allow space for tlie adjustable movement. 

As before stated, the piston positions jR S T, Fig. 1, are pro- 
jected by straight ordinates from the divisional points of the crank 
circle. The positions thus obtained, however, would only be correct 
were the connecting-rod of infinite length. The effect of the obli- 
quity of the connecting-rod is always to draw the piston nearer to 
the crank-shaft than it would be if the connecting-rod were infi- 
nitely long. In order, therefore, to apply a correction to this effect. 
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we join the divisional points of the crank circle by circular arcs, the 
radius of which is equal to the length of the connecting-rod. The 
ordinates of the motive curve are then laid off tangent to these 
arcs, the result being that the port openings measui*ed at any point 
on this curve correspond to the fractional parts of the stroke at 
which they were taken. As before mentioned, the usual position 
of the cut-off eccentric on the shaft is diametrically opposite the 
crank-pin, in which case, if it be a reversible engine, and the two 
eccentrics of the link-motion have an equal angular advance, the 
admission will be equal both for forward and backward motions. 
Under some conditions, however, it may be desirable to give a 
greater admission during backward motion than during forward, in 
which case the position of the cut-off eccentric may be shifted to- 
ward the backward eccentric, giving it a later movement, and thus 
prolonging the admission, while for the forward movement its an- 
gular distance in advance of the forward eccentric is increased, thus 
producing an earlier movement and a greater relative travel. Its 
movement in this case, instead of being a straight line, K G (the 
valve going and returning upon that line), would he an open curve, 
similar to, but flatter than, those of the main valve, according to the 
position of the eccentric. 

The movement of the cut-ofi' valves (curve or straight line, as the 
case may be) may be plotted direct from the eccentric circle, as 
shown in Fig. 1. The eccentric circle is divided to correspond with 
the crank-pin circle, and the points of division of the former are 
projected horizontally and those of the latter perpendicularly, as 
before; the intersections of like numbered lines are then points in 
the curve (or straight lines) K G and L D. 

It will be borne in mind that while the absolute travel of the 
cut-off valves is constant, we change the relative travel, for a given 
position of the link, by shifting the position of the cut-off eccentric 
in the manner before described, for it is manifest that the relative 
travel of the two valves would be zero if the position of the eccen- 
trics imparting motion to them coincided (or equal to the difference 
of their throw, if any), and greatest when diatnetrically o]>posite. 
In these iUustrations the diagram has been divided into three parts, 
for the sake of clearness, and many lines have been introduced 
which would be dispensed with in practice. The desired results 
may be easily obtained by sliding a tracing of the central curves 
over the diagram of steam ports. 

It is not supposed that this form of diagram will displace or 
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supersede the ordinary methods of design in vogue in the drawing 
office, but it is thought that the method employed, of drawing the 
ports and graphically representing the extent of their opening, at 
once appeals to the eye, and a clearer idea of the valve movement 
is conveyed to the mind than if certain geometrical constructions 
bearing a conventional, but not apparent, relation to the movement 
were employed. It also admits of every variation of its elements, 
and furnishes the means of comparison and of judging the effects 
of such variation, while at the same time its strict accuracy in neg- 
lecting no disturbing influence, such as obliquity of the connecting- 
rod or varying positions of the link, will perhaps render it valuable 
for purposes of investigation. 
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CXXXI. . 



A NEW VALVE MOTION. 



BT CABL ANQ8TR0X, WOROKBTKR, XJLS8. 



This valve motion belongs to the same category as those of 
Brown, Marshall and Joy, and known by the name of "radial" 
valve motions.* In a radial valve motion the motion is generally 
accomplished by an arm, two points of which move in different 
curves. One point moves in a closed curve, such as a circle or an 
ellipse, this motion being derived from an eccentric, crank or from 
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the connecting-rod. The other point again moves either in an 
open or a closed curve, and this motion is accomplished either by 
levers or slides, or both combined. 

In the valve motion to be described the difference from those 
previously mentioned consists chiefly in the mechanism for giving 
motion to the last-mentioned point of the valve actuating arm. 

♦••On Radial Valve Gpars," by U. 11. Graham. 2he Eugituir, London, Feb. 
28, 1883. 
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The outlines of tlie valve motion are shown in Fig. 5ft, in which 
is the centre of the main shaft, A the crank and B the ec- 




centric radius. Tlie valve-rod C C is attached to the ami li I) nt 
the point C. The arm ^ i> is connected at D hy means of a cross 




piece ]? G to tlic two radial arms ^7^ and OH. These radial 
arms are pivoted at ^und Hio 9, frame ./(see Figs. 6 and 7), this 
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frame being free to turn on tninnioDB ^and Z,the centre line of 
these trunnions being coincident witli the point D on the rod B D 
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at tlie end positions A and A* of tlie stroke A A^ of tbe crank. 
The combination of the radial arms B F, G ^and the cruse-piece 
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£ G with the arm B J) makes the point If move in a reversed 
curve, m D n. Tiie point B again moves in a circie, B a c d, and 
the point C, to whicJi the valve-rod is connected, wili thus have the 
combined movement C g C k derived from the cii-cle and curve 
motions. The degree of expansion and tlie reversing of the motion 
is accomplished hy changing the angularity of the reversed cnrve 
m D n with reference to the line O 7. This change in angularity 
is done by simply turning the frame </on the trunnions ^and L, 
As shown in Fig, 5a, all the different curves representing the 
travel of the valve-rod pin G will intersect at two common points 
C and C*, each at equal distances from the centre line Y, the 
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corresponding positions of the piston and crank being at the upper 
and lower end of the stroke. Tlie valve is proportioned so ae to 
give the desired lead at these two points, and this lead then re- 
mains constant at any degree of cut-off at either forward or back 
motion. 

Fig. 5J shows a modified arrangement of this same valve gear, 
the valve-rod C 0^ being connected to the end of the rod B C, in- 
stead of inside, as in Fig. ha. 

Figs. ?, 9, 10 and 11 illustrate the motion curves for full gear 
and for quarter cut-off for both forward and back motions. On 
each side of tlic motion curves, as shown in the figures, are dia- 
grams similar to indicator cards, sliowing the steam distribution for 
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each end of the cylinder. These diagrams are simply intended to 
assist in locating the various points on the motion curves. The 
curves for forward motion, Figs. 8 and 9, indicate an exceedingly 
qnick opening or steam admission, while the closing or cut-off is 
more like a common link motion. 

It is thoaght that this valve motion can be nsed with advantage 
oti engines running chiefly in one direction. The radial arms and 






,_ . I .. 


... 




: ;■' ,' 


i 






Fia. 11. 

connections could then be proportioned so as to give a good steam 
distribution and equal cut-off at each end of tlie stroke. The cut- 
ofl could be changed automatically by allowing the governor to act 
on the movable frame J. 



DISCUSSION. 



Pro/. Thurston. — Can you show us the difference between this 
and the Marshall gear? 

Mt, A»g$trom. — The Marshall gear consists of just one arm and 
that is simply swung round. With that motion the lower curve 
and the upper differ considerably, so that the valve has less motion 
on the upper end than on the lower. He has, therefore, to use a 
Tslve double ported on the upper end, and befides it takes much 
more room on one aide of the centre line. 

Prof. TImraton. — If I understand you, this motion is symmetri- 
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cal because you hang this end of the rod from a pair of radial arms 
so that it swings on the same arc tliis side as it does on that, 

Mr, Angstrom, — Yes, sir ; and being symmetrical, the pivoted 
frame takes less power to move, which is of importance in con- 
nection with an automatic governer. 

Prof, Thurston, — You have the advantage over tlie Marshall 
gear in that you have symmetry of action on both sides of the 
centre % 

Mr, Angstrom, — Yes. 

Mr, Barr, — As I understand it, the lead is always the same. 

Mr, Angstrom, — Yes, sir. 

Mr, Barr, — Then, will you be kind enough to set the model 
used to cut-off at a quarter? Kow, where would the exhaust begin 
to close ? 

Mr, Angstrom, — At a point a little less than a quarter from the 
other end. 

Mr, Barr, — Will you set the model to cut-off at one-fifth ? 
Where will the exhaust close ? 

Mr, Angstrom, — Between one-half and three-quarters. 

Mr. Barr, — That would give excessive compression? 

Mr, Angstrom, — Yes, sir ; but not quite as mucli as with a com- 
mon link motion. 

Mr, Strong, — I would like to ask if this is not very similar to 
what Brown uses in his engine of 1878. 

Mr, Angstrom, — Brown uses, I think, two arms and one of these 
sliding in a sleeve. I do not remember exactly how it is, but I 
know that he has a sliding motion. 

Mr, Strong, — Would there be a change in the curve with regard 
to the radius of the valve rod itself? Is the curve any more than 
what the angularity of the valve rod is? 

Mr, Angstrom, — It will approximate a straight line very nearly, 
I think. Brown's motion on a curve of the model is in one direc- 
tion, instead of being reversed, as in mine. 

Mr, Strong, — The curve on the slotted link is always struck from 
the centre where the rod couples on to the valve stem and the ob- 
ject of the curve is to compensate for the angularity on this. Now, 
on Joy's link he could get a straight slot there. 

Prof, Thurston, — I presume I am partly responsible for the 
presentation of this paper. I became very much interested in this 
valve gear last year, and looked it over pretty carefully, and per- 
suaded Mr. Angstrom to present a description of it at the Fall 
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meeting. It seemed to me then that it possessed some very de- 
cided advantages over most of the forms of valve gear of this class 
now in use, and would very easily adapt itself to a form of engine 
in which such a valve gear is desirable. He avoids the sliding 
which occurs in the Jov arc bv swinmnff about these centres. The 
centres can then be adjusted so as to get exactly the same mo- 
tion on both sides of the median line. Then he gets a perfect 
symmetry by his power of adjusting those arcs by determining the 
length of these radial bars to the proportions of his rod. Then he 
secures exactly tlie same lead, or if he does not choose to do that, 
he can so make his connections that the lead will be slightly varied. 
In a vertical engine, for example, he can get a larger lead on the 
lower end than on the upper. In fact, the thing has such a form 
that the engineer can acconimodate it to his own ideas of steam 
distribution, and he gets perfect symmetry of action on both sides. 
He has a compact system which is easily kept in rejjair. The sur- 
faces are easily lubricated, and it seems to me that from what has 
been brought up by the paper, and by the later descriptions by Mr. 
Angstrom, it possesses advantages over other forms of gear that 
make it well worthy of consideration. I should think the man that 
would take that up and introduce it would probably find that he 
had a very excellent thing. 
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CXXXII. 

COMPRESSION AS A METHOD OF GOVERNING. 

BT HARRIS TABOR, PITTSBURGH, PA. 

The discussion brought up in the Altoona meeting by Prof. 
Thurston's remarks on compression as a method of governing, etc., 
was dropped too soon. It is a question which is of great import- 
ance to the engineering profession, and points to one of the most 
direct roads to a better steam economy. Where tlie engineer can 
be sure of constant load, and has full control of all conditions, the 
problem takes its simplest form, and any of the existing types of 
engines may be designed to give the best of economy. But, unfor- 
tunately, these conditions are never found. We are constantly con- 
fronted with large engines, lightly loaded, or what is equally bad, 
with conditions where the resistance is intermittent. The engine at 
times works to the best advantage with proper load, but much of 
the time it carries so low a mean effective pressure as to be very 
wasteful. These are the conditions most frequently met, and what 
is needed to insure a better steam economy is some method or 
system of valve gear which shall make such distribution of the 
steam that when the engine is called upon for its least duty a 
resistance may be opposed to the piston, independent of the load. 
This, of course, must be amenable to the governor, and conse- 
quently will be a factor in regulation. Compression seems to be 
the only apparent agent which we may call to our aid. 

It is conceded that Mr. J. C. Hoadley was the first engineer in 
this country to realize fully the importance of this question, and 
for a number of years he applied it to practice in an engine bearing 
his name. Since then a number of manufacturers have introduced 
the same type of engine under various names, all of which have 
been more or less successful. I refer to the single- valve automatics, 
in which one valve is made to do the duty of induction and 
eduction. 

To one in search of the highest attainable economy, there is an 
element lacking in this type of engine, viz. : small clearance. There 
seems to be no way to introduce it without change of construction. 



COMPRESSION AS A METHOD OF QOVERNUfa, 49 

The writer has constructed various diagraniB based upon 3^ clear- 
ance, to illustrate his meaning more clearly. The curves are all 
those of Mariotte, but they serve tlie purpose of comparison. It 
will be noticed that release and compression vary with the point of 
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cutofi— the lead only remaining constant for all diagrams, which, 
V the way, is one of the best features of the single-valve 
BJBtem. 
It will be assumed that the engine has a stroke of 12" — just 
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equal in length to the diagrams which are shown one-third size in 
Fig. 12. The compression due to ^ cut-off will be first considered. 
The exhaust valve will close at 9|", when compression commences, 
and run through the remaining 2J" of the stroke, rising, at the 
end of the stroke, to 122.5 lbs. absolute — about 27 lbs. above 
initial pressure. When the cut-off is earlier-^at | stroke — the 
compression is increased, and terminates at 154.3 lbs. At ^ cut- 
off 188.6 lbs. is reached, and when cutting ^ of the stroke the 
compression rises to the enormous pressure of 235.2 lbs. There is 
no certainty that the highest compression has yet been reached, for 
the diagram shows a mean effective pressure of 11.46 lbs. — ample, 
in many cases, to furnish all the power the engine is called upon 
to deliver. A lighter load, which is always at times probable, would 
run the compression still higher. The diagrams thus show the 
obstacle to small clearance in the tj'^pe of engine in question. 

At first thought, one would naturally look to the steam lead for 
a remedy, by compelling that to take place when compression 
reached initial pressure. Unfortunately this cannot be done. The 
edge of the valve that gives lead to the steam also performs the 
duty of cut-off. Excessive lead would retard the closing so much 
that an early cut-off' would be impossible. 

We cannot stand the enormous pressures that compression will 
give in an engine of this type, with small clearance. There must 
be some relief, or the clearance space must be enlarged. There is 
certainly economy enough in the lesser clearance to warrant some 
additional cost to the engine. 

Relief or equilibrium valves, in each end of the cylinder, seem 
to offer assistance, so arranged that steam-chest or steam-pipe pres- 
sures should always be opposed to the pressure in the cylinder. 
These valves might be placed in the cylinder heads in such a way 
as to assist in steam jacketing, or might be made to connect directly 
to the steam-chest. Their area should be sufficiently large to insure 
small lift, to prevent hammering. 

This construction would seem to be a move in the direction of 
steam economy. Aside from the noise of the relief valve, the prob- 
lem is very simple. The steam valve must be so arranged that it 
cannot leave its seat if the pressure in the cylinder should exceed 
that in the steam-chest — ^Ibr the same valve does the duty of ex- 
haust and the loss would be serious from lifting, or leaving its seat. 
The resistance due to the early compression would call for a heavier 
fly wheel. The crank pressures would be far from uniform, but in 
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this respect there would not be a very great departure from the 
present results in compression engines. 

The gain from this construction when compared with engines of 
the Corliss and similar types would apply only to a cut-off earlier 
than i stroke, just where we most need the better economy. It 
will do much to check the excessive internal condensation due to 
low terminal pressure. A glance at the diagram will show that 
with i cut-off the cylinder would be exposed to an open exhaust 
port only 6f in a stroke of 12", whereas in a Corliss, or similar 
engine, the exhaust would remain open much longer. 

The following table of mean effective pressures due to given cut- 
off, and tlieir theoretical consumption, shows that we have little to 
fear from light loads, if we can reduce clearance and control com- 
pression in some practical manner : 



POINT OF CUT-OFF. 


MEAK EFFECTIVE 
PRESSURE LBS. 


8TEAX PER H. P. 
PER HOUR. 


4 
i 
1 


13.83 
86.33 

50.53 

1 


19.61 
20.35 
22.52 



It is fair to assume that an engine using such liberal compression 
would fulfill the theoretical conditions more nearly than the ordi- 
nary type. Prof. Thurston says: " We must look in the direction 
of reduced internal condensation for greater economy." It is an 
insatiable robber whose depredations require attention. 

Super-heat offers advantages, but only in part, for it offers no 
objection to the foolishly low terminal pressures we meet in every 
day practice. We must have some means of securing a degree of 
economy when conditions compel us to ignore engineering princi- 
ples and build engines to run under a mean effective pressure of 
12 or 15 pounds. We cannot add to the belt resistance in such 
eases, but we can stuff the idle end of the cylinder full of steam at 
a low tension, and compress it to a higher, thus making work for 
an under-loaded piston at our will. 

If one is inclined to strain after the highest possible attainment 
without regard to cost or complications, he would find it in the 
four- valve system, where separate valves are used for eduction. 
The exhaust valves could then be made to have a constant release 
and a varying compression, and the steam valves a constant lead 
and varying cut-off', giving the same results as in the case of the 
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single- valve system, but without the slight loss that comes from the 
early release when the engine is running under a light load. This, 
however, seems to me to be so slight that it is not worth the cost 
or complication necessary to secure the gain. 

When separate valves are used, the steam valves might be al- 
lowed to lift, and thus serve as reliefs, but I fear the constant 
attrition, when running under a uniform load, would reduce the 
valve scat, at the point of closing, to such an extent that leakage 
would ensue, if the travel of the valve were Sianged through 
change of load. 

Evidently, compression is to be the strongest ally if better econ- 
omy is hoped for with our present steam pressures. Certainly 
there is nothing so promising which comes with so little cost. 
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cxxxin. 

PRESSURE ATTAINABLE BY THE USE OF THE 

"DROP-PRESS." 

BY BOBERT H. THURSTON, HOBOKSN, N. J. 

The writer has recently taken occasion to determine the magni- 
tude of the pressures attainable and not unfrequently utilized in 
the use of the " drop-press," now so extensively employed in the 
process of " drop-forging " and in the manufacture of small parts 
of sewing-machines, firearms and light machinery. 

The opportunity was afforded to make this determination in the 
course of an investigation of the efficiency of drop-presses lately 
made by the Mechanical Laboratory of the Stevens Institute of 
Technology. It was found that the most efficient presses experi- 
mented with had an " efficiency," as the term is technically used, 
of 90 per cent. — i.^., the work done by the drop was 90 per cent, 
of that w'hich was due to the weight falling through the measured 
height. The table which follows is based upon the assumption 
that this efficiency can be reached, and exhibits the mean pressure 
attained when the piece attacked is crushed to the amount of ^, ^, ^^ 
inch respectively. The maximum pressures must exceed those 
given. The latter are calculated by determining the amount of 
energy of the falling drop at the instant before stopping — i.e., of 
the quantity of work done upon it by gravity and stored in it, and 
dividing that measure in foot-pounds by the distance through which 
the crushing of the " work " takes place. These figures are seen to 
be simply enormous, and the power of this form of press is evi- 
dently limited only by the rigidity of its parts and their strength. 

Tiie figures given for the pressures reached when the compres- 
sion is ^^.incli can only be obtained when the anvil is so set and of 
such material that the yielding there occurring cannot absorb more 
than the allowed 10 per cent, of the total work of the falling mass. 
The same remark applies to the table generallj'', but the loss may 
always be expected to fall within the assumed figure for the smaller 
weights and lesser heights fallen through ; if the machine is well 
built, and the anvil and foundation are of ample size and rigidity 
for good work, it is not improbable that the higher figures can be 
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readily obtained, also, if proper precautions are taken in the setting 
of the press. 

PRESSURES OF THE DROP-PRESS.— (EFFICIENCY 90 PER CENT.) 

WEIGHTS OF DBOP. 
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43,202 
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82,402 
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86,405 
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172,811 i 216,014 



64,803 
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16.200 
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32,402 

194,412 
87,206 
43,608 
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64.804 

888,824 
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87.206 

518,488 
239,216 
129.608 

648,042 
824,021 
162,010 
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86,405 
43.202 
21,601 

172,811 
86,406 
48,200 

259,216 

129,608 

64,804 

345,622 

172,811 

86,405 

518,482 
259,216 
129,606 

691.244 
346,622 
172,811 

864,066 
432,028 
216,014 



Yi7,649 1,036,866 
388,824 , 618,488 
194,412 i 259,216 



916,257 1 1,209,677 
458,128 ! 601,888 
229,064 802,419 

1,086,866 ! 1,382,488 
618,433 691,244 



259,216 

1,296,084 
648.042 
824,021 



345,022 

1,7S8,112 
8&1,056 
482,028 



The intensity of pressure attainable is evidently determined by 
the area of the surface exposed to tlie action of the drop, and this 
in turn determines the distance through which crushing may occur. 
The figures given in the table are total pressures, and the mean 
intensity of pressure corresponding to these amounts is to be ob- 
tained by dividing the total pressure as shown in the table by the 
area of section of the crushed piece, or by the mean area opposed 
to the crushing action during the operation. The proper compari- 
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son 18 that of the energy of the falling weight with the " resilience," 
elastic or total, or both, of the mass on the anvil or in the dies. 

The limit to the resistance of any mass on the anvil is found at 
the pressure at which the metal will "flow" continuously. This 
pressure varies with not only the kind of metal, but with every 
variation in the chemical composition, the physical structure or the 
form and method of support of the piece. For general use the 
value of this " modulus " may be taken at about the value of the 
shearing resistance of the material. For soft wrought iron, for ex- 
ample, it may be taken at about 50,000 pounds per square inch 
(3515 kg. per sq. cm.) for moderately hard iron at a figure 20 per 
cent, higher, and for pure copper at about one-half the latter figure. 
There is, however, a great difference in the behavior of the two 
metals under pressure. The former has a distinct elastic limit in 
its original state which becomes " exalted," as was shown by the 
writer some ten years ago, when the piece is distorted, and becomes 
approximately equal to the maximum force, producing change of 
form, remaining permanently altered. The metal thus transformed 
does not yield subsequently to any less pressure. It will not flow 
under a pressure much less than that which is required to produce 
distortion immediately upon its application. Copper, however, has 
no true and measurable elastic limit in its original condition as 
found in the market, and it does flow under the continued action of 
forces far less than those required to produce rapid and continuous 
distortion by steady pressure. A load which produces no visible 
eSect when first applied will, after a time, be found to have caused 
a very decided, and often a very extensive, alteration of the form 
of the mass. This is also a now well-known property of some 
kinds of brass and of many other metals belonging to what the 
writer has called the tin class, to distinguish them from the metals 
of the iron and steel class, which do not exhibit this treacherous 
behavior. This diflference is of some importance, not only as indicat- 
ing the best method of working them, but also as showing that the 
first of these two classes is a safer class to deal with, where the 
metal is to be used in the carrying of heavy and unintermitted 
stress, than is the second-class. 

Another important distinction between these two classes is, as 
indicated by the results of investigations made by the writer, that 
the "iron class," which includes all the irons and all the steels, 
offers more resistance as the rupturing action is slower, while the 
"tin class," which includes nearly all the other metals and very 
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nearly all the alloys that the writer has ever testecl, yields the 
more readily the more slowly the distortion goes on. The second 
class is thus subject to that singular kind of change of foim under 
heavy, continuous stress which is illustrated in the movement of all 
viscous solids — ice, for example, as seen in its flow in the glacier. 
This, it seems probable, may often occur under pressures far within 
those which are required to cause change of form in the testing 
machine in the ordinary methods of test. Iron has been found by 
Vicat, and later by the writer, to exhibit something such a phenom- 
ena, but only when the pressures are considerably above one-half 
those usually found for the moduli of rupture, and this action is 
only seen in serious degree when the iron has been annealed and 
thus softened. Common merchant iron, so far as the writer is 
aware, does not show any tendency to such slow and imperceptible 
yielding under moderate loads. 

The bearing of these facts upon the value of the drop-press as a 
means of working iron and other metals into shape is obvious. 
Change of form can only begin when the elastic limit of the ma- 
terial is passed, and flow can only progress steadily and uninter- 
ruptedly when the pressure applied is in excess of the maximum 
resistance of thejnetal to shearing. The soft metals which belong 
to the " tin class" are best attacked by processes which cause a com- 
paratively slow motion of their particles in changing form ; iron 
and steel, on the contrary, being less resistant at high than at low 
velocities of flow, are best worked by methods which produce rapid 
distortion. Professor Kick, of Prague, has shown very plainly that 
this difference in the amount of work demanded by the soft metals 
under the two kinds of treatment may amount to a very important 
quantity, lie flnds that the distortion of bodies by the action of 
the hydraulic press, and by the action of a hammer dealing a suc- 
cession of blows to produce the same change of form, consume power 
in the ratio, in some cases, of one to ten. It is thus evident that 
the hammer or the drop is to be used for those special cases in which 
the pressures desired cannot be reached by ordinary methods, and 
that it is better adapted to the working of iron and steel. The hy- 
draulic press and automatic machinery are to be preferred where they 
can be conveniently and cheaply used. For much of the work that is 
now done in our smaller kinds of manufacturing, the drop has been 
shown by experience to be the only machine which will give the 
required enormous pressures and do the work rapidly and cheaply. 

The maximum area of surface exposed of pressure which will be 
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allowable for any given amount of compression can be determined 
approximately by dividing the total mean pressure due to the action 
of the drop with the given fall and the proposed compression, by 
the maximum resistance of the material. The maximum area which 
will permit action upon that surface is to be ascertained by dividing 
the same maximum pressure due to the fall of the drop by the 
elastic limit of the metal in compression. 

The total work absorbed, or the resilience of the mass, up to the 
elastic limit is to be measured by multiplying the elastic resistance 
by one-half the percentage of compression which marks the elastic 
limit ; the result measures the resilience in inch-pounds when the 
unit of measure is the inch, and in centimeter-kilograms when the 
units are metric. The total work done in any permanent change 
of shape is proportional to the volume affected and to the maximum 
resistance of the material to such deformation. 

What figures shall be adopted for the resistance to be calculated 
upon in the production of flow in metals subjected to the action of 
the drop-press is a question which the writer is unable to answer . 
definitely. It would seem probable that the effect of the blow may 
be, in the case of cold metal, somewhat similar to that of cold-roll- 
ing, and, this being the case, the initial resistance to flow must be 
taken as at least 70,000 pounds per square inch (4,921 kg. per sq. 
cm.) and the resilience during flow at as high as 70,000 inch-pounds 
per cubic inch (4,921 kg. m. per cubic centimeter) for good common 
wrought iron. It may be safe to take the figure for hot iron, as 
usually worked, at less than one-half this amount. For copper, the 
writer would, in the absence of exact data, take the work of defor- 
mation to be two-thirds that of iron for pieces of small section, and 
would expect a great increase of resistance with either metal when 
the surface acted upon by the drop becomes large in proportion to 
its thickness. Probably no very reliable figures can yet be given. 
Whatever the resistance may be, the drop will be very certain to 
overcome it, and the variation in its amount will simply determine 
how many blows must be struck to obtain a given amount of change 
of form. 

DISCUSSION. 

Prof. Thurston, — Another point which occurs to me, and which 
did not occur to me when I wrote this paper, is this : Prof. Kick, who 
has made a long series of such investigations, has, I think, always 
insisted that the efticiency of a drop-press, or of any blow-delivering 
machine, is exceedingly low, and generally comes down to 20 per 
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cent, or something like that. His papers give an efficiency of five 
to one in favor of slow action. The experiments with these presses 
showed that they utilize at least 90 per cent, of the energy due to 
the blow, and therefore Kick's figures must be obtained from ex- 
periments with some peculiar form, or with some very different ap- 
paratus. It seems to me a very interesting fact that such efficiency 
as 90 per cent, can be obtained. 

Mr, Towne, — Is the loss through the resilience of the machine 
and the foundation ? 

Prof. Thurston. — Through the spring of the parts and friction. 

Mr. Towne. — Chiefly the friction of the moving parts, I sup- 
pose? 

Prof. Thurston, — Probably. These data give one no idea of the 
efficiency of the press as a whole. It might be possible that 35 
per cent, of the power used in the work in the steam engine might 
be wasted in hoisting that drop. 

Prof. Welb. — How was the efficiency of 90 per cent, ascer- 
tained ? 

Prof Thurston. — That was ascertained in this way. A Det of 
copper cylinders was prepared of pure Lake Superior copper; they 
were subjected to the action of presses of diflPerent weights and of 
different heights of fall. Companion specimens of copper were 
compressed to exactly the same amount, and measures were ob- 
tained of the loads producing compression, and of the amount of 
work done in producing the compression bj' the drop. Comparing 
one with the other, we found that the work done with the hammer 
M^as 90 per cent, of the work which should have been done with 
perfect efficiency. That is to say, 90 per cent, of the work done in 
the testing machine was equal to that due the weight of the drop 
falling the given distance. 

Prof Webh, — In a quick blow, is the same amount of work per- 
formed as in a slow blow ? Was that ascertained ? 

Prof Thurston, — I presume it could be determined. In these 
experiments we did not determine it. I have no doubt the efficiency 
of the blow would vary with its rapidity. 

Prof Wehh. — Would there be a difference between the compres- 
sion due to slow piessure and the work required for it, and the 
compression of the drop-press ? 

Prof Thurston. — So far as I can judge, from what I have been 
able to do in that line of investigation, there is a difference, 
although it is probably not great enough to affect those figures 
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seriously. With quick motions, the resistance of the copper is 
rather greater ; that is to say, the work demanded of the drop-press 
is rather higher than the work demanded of the testing machine. 

Mr. Tovme. — There has been one point touched upon in the 
questions asked that comes home to any one who has had practical 
experience in the use of drop-presses, — and that is, the difference 
between a light weight falling a considerable distance, or a heavy 
weight falling a smaller distance. In my own experience, I have 
found that there are some kinds of work that need one, and some 
another. I attempted once to do work with a light press falling a 
considerable distance, and found afterward that the same work 
would be better done by a somewhat heavier press falling a very 
much smaller distance, and, speaking roughly, and, from memory 
only, I think that the energy developed in the second case was less 
than in the first. The metal was brass and Gennan silver. 1 think 
the element of time comes in. Some pressing operations can be 
performed with light pressure and slow motion. Others cannot be 
performed in that way, and require the drop-press. I think, also, 
that t'le total energy developed in the two cases may be equal, but the 
result is very different. I think the question of the flow of ma- 
terial is one of tlie elements. It takes time for the particles to 
conform themselves to the shape desired. In some cases we want 
a slow pressure ; in others, a quick, sharp blow. 

Mr, Oherlin Smith. — We have had considerable experience in 
drawing thin sheet metals from flat disks into cylindrical forms, 
where the flow of the metal is very great. Near the edge, the disk 
is compressed circumferentially, and drawn out radially. The 
metal, after being formed into a cylinder, is of about the same 
thickness as when it started in the disk, and there has been a 
violent flow. I have found that high speeds in some cases tend to 
break the metal, when, if we put on a slower speed, it wull draw 
nicely. It seems to me that in this matter of drop-press work, there 
are two principles coming in ; one is the speed at which the mole- 
cules of any metal can flow readily among each other (which is 
different with different materials), and the other principle is that 
of inertia in the particles themselves. I suppose with compara- 
tively low speeds and short distances in which the particles have to 
move when struck in the drop-press, the inertia is hardly worth 
counting. Whether it is partly the inertia and partly the resistance 
to flow that makes the thing struck most quickly " upset" for the 
shortest distance down, I do not know. I think, however, it is 



60 PRFSSURE ATTAINABLE BY THE 

a subject that ought to be investigated. There is a field here for a 
good deal of interesting investigation, and it is a thing we certainly 
ought to know more about. 

Mr. M. P. Uiggins. — I would ask Prof. Thurston if he did not 
observe a great difference in the contour of the two pieces com- 
pressed, when one was treated in the testing machine and the other 
under the drop-press ? 

Prof. Tliurston, — Not sufficient to attract my attention. The 
general appearance of the two pieces was the same; both were 
bulged in the middle and had the barrel form. 

Mr, Morgan. — It seems to me that we are running away from 
the question as I understand it. It is not a question of metals at 
all, but a question of drop-hammers. In my opinion, a light hammer 
falh'ng from a great distance would certainly not give as effective 
a blow as a heavy hammer falling from a short distance ; because 
the liorht hammer would be much more affected bv friction in fall- 
ing than the heavy hammer. The light hammer would require to 
be much better guided than the heavy hammer to do the same class 
of work. I mean, for instance, that if you have a heavy hammer, 
its own weight will guide it much better in falling vertically than 
a light hammer. A light hammer would require to be guided very 
nicely to do good work and to keep nicely in line. With a heavy 
hammer, I think, the proportion of friction would be much less, and 
the effectiveness of the blow would certainly be very much more 
with a heavy hammer than with a light hammer. If it has been 
found that 10 per cent, of the effectiveness of a light hammer, falling 
a great distance, has been lost, I think it would reduce itself down 
to 5 per cent, at least on the heavy short-fall hammer, as a kind of 
a comparative guess. We always find that steam hammers when 
they are light require to be nmch better guided than when they are 
heavy. I believe that the effectiveness of blows or fall of hammer 
is also very much changed by increasing the weights of anvils. 
One great trouble builders meet, in trying to get the most effective 
work from such machines, is caused by the action of the commercial 
law of competition which is always staring us in the face. There 
are certain arbitrary laws laid down to us and we are compelled to 
keep within those laws. I think that you will find generally that 
our weights for anvils for drop-hammers are about ten to one. 
Krupp runs up in some cases, I believe, to twenty to one. When 
we talk about the effectiveness of blows, we must bear in mind that 
we lose the effectiveness of blows simply because the anvil is not 
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heavy enongh in our general practice. The blow is often trans- 
mitted through the ground and through the buildings, and is not 
absorbed in the anvil and the work. At Pittsburgh it is surprising 
how men can >vork in the offices attached to some of the works. 
The blows of some of their hammers go all through their buildings 
and shake them badly. What does this mean ? It means that the 
anvils are not heavy enough. Were the anvils made heavier the 
effects would be received in the work. I think these are some of 
the reasons why we lose, at any rate, some of that ten per cent., and 
I believe that percentage can be much reduced. 

Mr. Conch. — I do not want to say much, but I would like to ex- 
press my appreciation of what Mr. Morgan has said, and to remark 
that he knows as well as I do that there are two ways of designing 
machinery ; one is the ideal way and the other is the commercial 
way. Unfortunately, the former is very little followed in the con- 
struction of machiner3\ 

1 should like to ask Prof. Thurston if the figure representing the 
energy expended in the testing-machine in compression would be a 
rectangle. 

[Prof. Thurston made a sketch of an apparently semi-parabolic 
curve in answer to Mr. Couch's question, and said :] 

In this curve, the horizontal dimensions measure the amount of 
compression produced, and the ordinates of the curve represent 
the force producing that compression. The height of any point 
above the base will measure the load the piece was cariying. We 
always find that copper, tin and zinc, and that class of metals, will 
give a curve of that character. In cases like those which are con- 
sidered here, in which a piece is confined between two heads, it 
spreads as the compression progresses, and finally becomes a slab, 
and in such cases we find a different fonn of curve from that ob- 
tained from comparatively long pieces in which the compression is 
a comparatively small percentage of their total length. But the 
form obtained in these experiments is what I have shown here, 
both in compression and in tension, and the amount of work done 
on a piece is measured by the area of that curve. That was made 
from work on the testing-machine by putting on a small load, 
measuring the compression and the load, putting on a heavier load, 
observing the compression, and so on, until a curve was obtained 
for that case. If any error, small or great, entered one figure, strik- 
ing the curve through the series of determinations would always 
give the correct position of the uncertain point. 
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In closing the subject — I suppose most of tlie members think 
that it has been discussed sufficiently for the present — I would say 
tliat I have no doubt in my own mind that very great differences 
will be found, in the action of presses, in the direction indicated by 
Mr. Towne. Bnt I presume that, in general^ it will be found that 
the quick blow is usually the best, for cutting and breaking, and 
the slow compression is best used for work in dies. I was once 
talking with a distinguished officer of the army on this subject, 
who told me that, during the war, he had occasion sometimes to 
knock the trunnions off guns — not in retreating ; he never retreated ; 
they were captured guns — and found that with a blacksmith's sledge 
he could always knock the trunnions off by a few quick rhythmic- 
ally repeated blows. 

Then, again, the change of form due to flow is, I have no doubt, 
as 1 said a few minutes ago, very much such a change as occurs 
when ice or resin is altered in form. There seems to be something 
like what might be called a molecular friction, occurring there, and, 
perhaps, the resistance will, as in all fluid motion, vary as the square 
of the velocity. In the Vienna report of 1873, by Blake, is given 
a very complete account of Haswell's method of forging by the 
hydraulic press. 

Mr. Grant. — At the Benjamin Atha Tool Works in Newark, 
New Jersey, they forge all their hammers under pressure, and 
have found that to be a great deal better than forging with a blow. 
Tiie product was better and the flow into the smaller spaces was 
better. 

3fr, Oherlin Smith. — I quite agree with Mr. Morgan in regard 
to the necessity of putting more "anv^il" into the anvil. With 
regard to what he said about friction, I do not think it is of as much 
importance as has been inferred here. 1 think when a weight 
drops vertically between vertical guides the friction amounts to 
almost nothing. I should say, if I were going to guess, that it 
M'ould be a fraction of one per cent. The heavj' drop requires less 
guiding than the light one because its inertia keeps it from vacil- 
lating so much. 

2fr. Band. — As to using the press for forging by this Newark 
firm, they are bound to use drops for that work. I understand 
that they have ordered two drop-presses. 

Mr. Grant. — It is only for a very slight portion, though. I was 
over there the other day myself, and know all about it. 
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CXXXIV. 

A TILTING WATER METER FOR PURPOSES OF 

EXPERIMENT. 

BT J. C. HOADLET, BOSTON, MASS. 

Having had to make, in the course of the year, a great number 
of experiments in pumping water filtered through sand under 
various prearranged conditions, in quantities ranging from little 
more than one gallon in an hour to eight or ten gallons in a min- 
nte, the writer soon found that all commercial water meters were 
wholly unsuitable for his purposes. They were liable to ob- 
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strpction by sand, inaccurate at best, wildly inaccurate at very low 
speeds, and difficult to read at high speeds. In addition to this, 
the readings were at all times insusceptible of verification and of 
permanent record. 
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Not liftving found, after Benrcti made, any account of a suitable 
instrument, it became neeeseary to devise one, and witliout pre- 
Euming that thie is wholly new or unknown to all the members of 
this Society, drawings and a description of it are presented as a 
matter of record for what it is worth. 

There was required an instrument which would measure and 
record with all possible accuracy, and without liability to important 
error, the quantity of water flowing in a continuous, but pulsating 
and sometimes variable, stream, in accurately ascertained intervals 




LONGITUDINAL, VERTICAL, CENTRAL SECTION 
Pifl. 14. 



of time. As constructed and used, the instrument is very simple 
and inexpensive, and is clearly shown in the accompanying 
drawings. 

Two V-sliaped cups (Fig. li), each embracing an angle of 60°, 
are joined together by a common side, which is, in fact, a mere 
partition between tliem, so that the two cups together embrace an 
angle of 120°. This double cup is supjiorted in a case upon pivots 
directly under the partition, turning iii hollow, adjustable screws 
in nuts attached to the case, one on each side. When one of tlio 
outside jjlates of the donble-V cup is in a horizontal position, sup- 
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ported in that position by two cork stops on which it restH, the 
partition between the two V-ciips makes an angle of 30° with tiie 
vertical, and the outside plate of the upright cup makes an angle 
also of 30" with the vertical, but at a little greater distance hoii- 
zontally from a vertit^l plane passing throngh the axis of the 
pivots, on account of the curve by which the outside plate is joined 
to the partition and to the outside plate of the prostrate cup at its 
lower end. But for this greater horizontal width on tlie outer 
side there would be no tendency to tip — the upright cup would 
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CENTRAL CROSS SECTION 
Fig. 16. 



simply fill op and overflow, and there an end. But as the wator 
rises in the upright cup, the prism of water outside of a plane 
passing throngh the axis of the pivots and making an angle of 30° 
with tlie vertical, acquires constantly increasing preponderance over 
the equipoise of the wedge-shaped body of water bounded by planes, 
each making an angle of 30'' with the vertical, and intersecting 
in the axis of the pivots, ' When this preponderance becomes 
anflicient to overcome the mechanical advantage of the prostrate 
cap itself over the upright cup — an advantage due to its greater 
leverage with equal weight— the cup will tilt, the water in the up- 
right cup, nearly filling it, will be poured out into the case to run 
5 
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away through its spout, and the now empty cup, lying prone on its 
cork stops, will become the prostrate cup, with the greater leverage 
— its centre of gravity being at the greater horizontal distance from 
the axis of the pivot. The other cup, now upright, will be filled 
in its turn and repeat the tilting process, and so on alternately as 
long as the stream flows into the cups. 

The tip is very sudden, and is made with considerable force. A 
light spring of sheet brass attached to the case in the middle of its 
length by a piece of wood which insulates it, is connected by a 
binding post Avith one pole of a battery, and the case itself is in like 
manner connected with the other pole. A bit of sheet brass 
soldered to the outside of the tilting double cup, directly opposite 
the partition and above the case, forming a sort of cam, comes into 
contact with the spring in passing. Tliis completes the circuit in- 
terrupted by the block of wood which supports the spring, and 
records each tip by a dot or short dash. The cam does not come 
into contact with the spring until the tilting cup has acquired con- 
siderable momentum, so that the tilting is not sensibly retarded. 

In designing this instrument, the weight per square inch of the 
sheet tin selected for it was iirst ascertained. The whole of the 
double cup, ends, sides and partition lying on each side of a verti- 
tical plane, passing through the axis of the pivots, was then divided 
into simple geometrical figures, the centre of gravity of each figure 
was found, and the horizontal distance of the common centre of 
gravity of each portion from the vertical was computed. The 
weight of each portion lying on each side of the vertical was also 
computed, and multiplied by the corresponding horizontal distance- 
of each centre of gravity, which gave, of course, the static moment 
of that portion of the double cup on each side of a vertical plane 
passing through the axis of the pivots. 

The difference of these static moments was the preponderance of 
the prostrate over the upright cu}) — both empty — to be overcome 
by the water in the upright cup when full to the tilting point, and 
this was computed in a similar manner. A slight adjustment of 
the cork stops sufficed to compensate for the inaccuracy of these 
calculations. 

This leads me to speak of the matter of adjustment by means of 
the cork stops. I actually used a mere socket, like a short candle- 
stick, to hold each cork, entirely inside of the case, which was plain 
on the bottom. In the drawings will be seen four long sockets, 
projecting below^ as well as above the bottom of the case, with ad- 
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jnsting BcrewB and cbeck nuts. The adjustable corks are lield in 
short sockets, with thick bottoms to rest en tlie Hiijnsting screws-, 
heavy cDOugh to keep the coi-ks from floating away. (Fig. 17.) 
This device is nnti-ied, but I thiuk it quite practicable, and no less 
desirable. 

I had two of these metei-s, Bubstantially alike, and adjusted them 
by flowing water through them into a tub placed on scales, count- 
ing the tips, and taking the weight and temperature of the water. 
I then placed one of tbe meters directly over the other, supported 
upon tbe tub by a suitable frame, and flowed a stream through 
both, the electric register recording tbe tips, and the scales account- 
ing for tlie quantity of water Tiie first tip of the upper meter did 
not fall the lower meter to the tipping point by about ^V i"c''> * 
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little water adhering to the cnp and case of the first meter; bnt 
the second tip of the first was instantly followed by the first tip of 
the second, and so on until the tub was filled. A repetition of tliis 
experiment gave substantially the same result — 61 tips in 202| 
ponr]ds.= 3.33 pounds per tip, and at 80° F., 0.4 gallon per tip — 
231 cubic inehee per gallon. 

The electric register also 'recorded upon the same 1-iricli strip of 
paper the beats of a seconds pendulum, and, when two pumps were 
used, the strokes of the pumps and the tips of each meter. It was 
also easy to note the tips by the ear while watcliing the second- 
hand of a horse-timer, by which means the interval of time between 
tips could easily be observed to quarters of a second. This is not 
an instrument of precision. It is, perhaps, a little more accurate 
than a gallon measure, at all y)racticable speeds; at slow speeds 
probably decidedly more accurate, and, with proper cai-e, no con- 
siderable error is likely to occur. When operated very rapidly, the 
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swaying of the surface tends to accelerate or retard in a small de- 
gree the tipping of a cup nearly full, but there is no tendency to 
accumulation in such errors, which, therefore, may be presumed to 
balance each other, at least in some degree. The sloping covers at 
the ends of the case were an afterthought to prevent spattering, and 
were kept a sufficient distance apart to admit of taking out and re- 
placing the tilting double cups. The curved wings under these 
sloping cups were a second afterthought for the same purpose, and, 
as it stands, the case arrests all water — there is no spattering. Of 
course, a suitable funnel is generally desirable to collect the water 
from a pump, and to convey it into the cup in a stream as steady 
as possible, and vertically over the axis of the pivots. It is also 
necessary that the meter should be level both when adjusted and 
when in use. 

This instrument substantially weighs the water of a flowing 
stream, and may possibly prove useful, if strongly and delicately 
made, nicely adjusted and suitably proportioned to the quantity to 
be recorded, for keeping the record of water used during tests of 
steam engines and boilers. It is respectfully submitted to the pro- 
fession for what it is worth. 

DISCUSSION. 

Dr, Grimshaxc, — I should like to say a word in favor of the 
water meter — not the ordinary meter, but such as this might be 
made. Very often, evaporative tests in which water meters are 
used are decried by reason of the errors of water meters. But in 
very many cases where muddy water is used there is an error with 
the scales much greater than with the meters. The boiler is cred- 
ited wMth the weight of mud pumped in and baked on. 

Mr, Oherlin Smith. — I would like to ask Mr. Hoadley how much 
error comes from tiie water going on running through the pipe 
and striking the partition as it passes. As the stream of water 
flows into the cup it is still running after the cup commences to 
tip. Does the partition pass this stream ? 

Mr. Hoadley, — The partition certainly passes the stream while 
it is flowing. Of course after the cup begins to tip, a little water 
will flow into it for an instant. That is weighed. The time of 
tipping will be constant, but the flow during that time will vary 
with the rapidity of the stream. It is not an instrument of pre- 
cision, but it is much more accurate than any ordinary meter. 
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There is no mj'stery about it. There is no secondary effect to 
watch. You have not to observe two things by the eye at tlie same 
moment — the second hand of a watcli and the pointer of a water 
meter. 

Mr, C. E. Emery, — There is one point in regard to this method 
of construction which may not be evident to all at the moment. 
The meters of this kind I have seen before were not of this exact 
shape and depended on a counterbalance to retard the movement 
up to a certain point. In this case it will be noticed that the design 
is such that the water itself forms the counterbalance. It is, in my 
opinion, a very valuable contribution to our means of measurement 
for the purposes indicated. 

Mr. Odell, — I always use the Worthington Meter, but I always 
correct the meter, when making tests. 

I have a memorandum here which contains notes that may be of 
interest 

The first case is a 2" meter ; 20 feet of water at 205° passed 
through under the same pressure and speed at which it was fed to 
the boiler. It weighed 1,292^ lbs., thus giving a factor of 64-.67 
lbs., for each cubic foot registered by the meter. 

In the second case the same amount of water under the some 
ditions passed through a 1" meter weighed 1,339^ lbs., thus giving 
a factor of 60.87 lbs. In another case, water at 120"" gave a factor 
of 68.5 lbs. This last case was also a 1" meter. 

I have always found that when I once get a factor for a meter, 
tliere is very little error afterward, but there is a necessity to get 
the actual amount of water that passes through a meter by weight. 
I have also had occasion to make a test in a case where a 1" Worth- 
ington meter has been in use eight years. As it will be necessary for 
the proprietor of the works to refer to this meter frequently, I 
passed 102.35 ft. through it at the speed at which it is usually used. 
The total weight of water was 6,840 lbs., thus giving a factor of 
66.73 lbs., water for each cubic foot registered by the meter. 

Dr. Gri7nshau\ — After you have got the correction of the meter, 
the correction is not correct. We will say that the piston and the 
barrel of the meter expand in a certain way. Sui)po8e a meter 
with cast-iron shell and bniss piston and the working parts expand- 
ing in different degrees in different directions. If the boiler is 
pumped up spasmodically those checkings will not be found to 
register correctly. There is another thing which comes in. Very 
often, in comparing test records made by two different persons, you 
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will find that there are in use about four different standards for the 
weight of a cubic foot of water at given temperatures ; and I think 
it is worthy of the attention of tlie Society to establish which one 
of those different corrections for temperature shall be adopted. I 
understand that one of our members also finds that sometimes he 
gets results with regard to distilled water that are contrary to gen- 
eral experience ; and I should like to call on Mr. Partridge to tell 
us what he has found. 

Mr. Partridcje, — My experiments on the weight of water were 
not very extensive, but they were exceedingly definite. I went to 
Fairbanks, and used one of the large but very accurate beam scales 
which they have for tlieir own use ; used sealed standard weights 
and also sealed measures and drew the water which I was experi- 
menting with from the Croton service pipes. I was comparing the 
sizes of various measures used by druggists and I found that in- 
variably Croton water failed to weigh as much as the books said 
distilled water should weigh, by a very considerable percentage. I 
forget the figures at the present moment. The weighing was done 
by filling a sealed measure ; sliding a plate of glass over it, exclud- 
ing air, and being sure that it was full ; wiping outside of measure 
and glass perfectly dry and putting the measure on a scale that had 
already been balanced with both measure and with glass. Then 
the w^eight was taken and it failed to come up to the weight of the 
distilled water by a very considerable amount. The only theory 
that I could find at the time that seemed applicable to the case was 
that dissolved air, caused it occupy an increased volume. Whether 
that is anything more than a hypothesis I don't know. The ex- 
periments are certainly well worth repeating by any one who has 
access to fine scales and gallon and quart measures which have been 
scaled. 

Dr. Grimshaw, — I would like to ask Mr. Partridge whether ho 
also weighed the distilled water, or whether he took the weight 
given by some book or other. 

Mr, Partridge, — I will say that I did not weigh distilled water, but 
T had at that time got, as far as possible, figures from every original 
authority that gave the weight of a given volume of distilled water. 
I think, gentlemen, if you will give a little attention to what the 
authorities say a cubic foot of water ought to weigh and then will 
weigh a gallon or two of water as you find it, that you will not be 
very particular in your calculations whether you use 62 or 62J or 
62J pounds. 
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Dr. Orimahaw. — I would like to inquire the experience of some 
of the members as to the method of ascertaining these tempemturos. 
It is customary in using the meter to take the temperature at one 
place or another. It is usual to stick a thermometer in the pipe 
and it is very common to find that the pressure of the pump will 
squeeze the glass of the thermometer and make a difference of two 
or three degrees in the reading of the thermometer. I would like 
to inquire if anyone knows a good way of getting the thermometer 
to the feed pipe so that the thermometer will register as hot as, but 
no hotter than, it ought. 

Mr, Porter, — The use of the mercury well, I suppose, answers 
that purpose. It is screwed into a pipe so that the mercury in the 
bottom of the chamber is in the centre of the current. No pres- 
sure can come on the glass bulb. The mercury is a perfect con- 
ductor and the thermometer introduced into it registers correctly 
the temperature of the water in which it is immersed. 

Mr, Strong, — There is another matter, which may be of interest 
in regard* to weighing the water from locomotive tenders. That 
may be done by putting a glass gauge on the outside of the tender 
running the full height of it and weighing the tender empty. The 
tender is then filled with water and run on a track scales. On un- 
coupling the tender from the locomotive and running the water 
out, two hundred pounds at a time, a scale can be constructed on 
the glass one graduation of which represents two hundred pounds. 
The distance between the graduations will not alwavs be the same 
because of inequalities in the tender due to stays and variations in 
shape. By reading this scale every time water is taken, the engine- 
man can have an accurate record of water evaporated on his loco- 
motive. If the coal is weighed into the tender as it should be, he 
will know what the evaporation per pound of coal is, which should 
be an every-day practice, and not one instituted on special occasions 
by an expert who makes it api)ear as a great feat altogether beyond 
the com])rehen8ion of the ordinary engineer. 

The President, — I would state for the information of the Society 
that I have for several years used specially constructed Worthing- 
ton meters to measure feed water in regular service — water that 
ai)proaches 200 degrees temperature, and when we have clear water 
the meters are sufficiently accurate for practical j)urpose8. I think 
that, in passing, we might say that it is not a matter of very great 
practiciil consequence whether a pound of water weighs 02 or 
62 iV pounds in the evaporation of the boiler. The greatest diffi- 
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culty in the use of meters arises where grit is present in the water. 
No manufacturer can provide against a difficulty of that kind, and 
for this reason I think the meter proposed by Mr. Hoadley is a very 
valuable one. At the same time it does not admit of being used 
under pressure, whereas I have used the Worthington meters I 
have spoken of under pressures varying from 90 to 150 pounds. In 
our practice we have found that the meters do very well when not 
cut out by gritty water. 

Mr. Wolff, — Following the remarks of Mr. Leavitt, I should like 
to sav that, even admittins: that there mav be this variation of one- 
quarter of a pound in the weight of a cubic foot of water — which I 
doubt tlie variation would amount to — this would only equal about 
four-tenths of one per cent., and I doubt that a boiler test was ever 
made where the errors of observation alone would not far exceed 
this variation. 

Mj\ C, E, Emei^j, — This form of meter has been used under 
pressure. There is one in the Patent Office in which the tiltins: 
cups are arranged in a closed vessel and an air chamber is maintained 
for them to work in by taking in a small quantity of air at each 
stroke through a little slide-valve at the bottom which receives mo- 
tion from the cups. The water which escapes from the cavity of 
the valve at each stroke is collected in a tank placed in a con- 
venient position for utilizing its contents — as, for instance, over a 
kitchen sink. I have never seen any of them at work. The pistons 
of the Worthington meters strike the buffers quite hard at a high 
velocity, depressing them, so that the stroke is longer than at the 
slow rate when they do not hit the buffers at all. At some public 
experiments at one time they were running so regularly that I had 
no doubt the meter rate was exactly correct, because they were de- 
termined for the exact velocity with which the engine was running, 

Di\ Grimahaw, — In reference to the mercurv well thermometer, 
I found it had two faults; first of all, it uniformly registers low; 
secondly, it does not indicate the temperature of the water at the 
time you are taking the measurement. 

Mr, Porter, — I know an instance in which a thermometer in a 
mercury well showed 211 degrees. I do not think it fell much 
short of the I'ealitv. 
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LNTKODUCTION. 



In addition to the usual number of fires caused by steam-lieating 
pipes, there have been several fires during the past year from the 
coverings of steam pipes. 

An examination of the matter showed that neither dye-stuffs nor 
oils were present in these coverings, so the fires could not be 
ascribed to spontaneous combustion. 

There seemed to be very little accurate knowledge respecting the 
efliciency of steam-pipe coverings, although their general import- 
ance is universally acknowledged. 

There was so much at stake in this matter that the underwriters 
in interest considered that it would be desirable to investigate the 
question of these non-conductors, both in respect to any possible 
dangers of combustion and also to the measure of their economic 
efficiency. The question was submitted to Professor Ordway, and, 
by the courtesy of Mr. Edward Atkinson, President of the Boston 
Manufacturers' Mutual Fire Insurance Company, 1 have the oppor- 
tunity of presenting to you that portion of Professor Ordway's 
report treating of the value of the coverings, with a description of 

the methods employed, and the results obtained, 

C. J. II. W. 



In undertaking an investigation of steam pipe coverings, it was 
necessary, in the first place, to decide what method, or methods, 
should be used for determining their efficiency as non-conductors 
of heat. I have met with no recorded experiments of which the 
details are given in full, but it seems that, in general, two modes 
have been employed heretofore. In one — the air chamber method 
— a portion of the covered pipe, while in use, is inclosed in a small 
box so as to form a close chamber into which the bulb of a ther- 
mometer is inserted. The inverse ratio of the temperatures indi- 
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catcd by the thermometer in different trials is supposed to show 
the relative excellence of the different coverings. 

In the second, or condensation method, the steam is allowed to 
pass from the main pipe out into a side branch covered with the 
substance in question, and so arranged that whatever water is 
formed in an observed number of minutes may be drawn off from 
time to time and weighed or measured. The water is reckoned as 
having parted with as much latent heat as is contained in that 
weight of dry steam. 

As to the air-chamber method, it might be thought easy to carry 
out, but it is diflBcult to fit a box of any kind so closely to the cov- 
ering that there will be no circulation of air into and out of the 
inclosed space. Of course, a lack of tightness will fatally vitiate 
the experiment. Again, a box surrounding the pipe and covering, 
presents a large radiating and cooling surface as compared with the 
covering itself ; and there is no ready way of determining the 
amount of this continual radiation which increases with the tem- 
perature of the air within the chamber. There is no perfect non- 
conductor wherewith we can surround the air chamber, so as to 
confine therein all the heat received. If we could prevent all out- 
ward radiation, the cavity would, sooner or later, acquire the tem- 
perature of the steam in the pipe, and all coverings would finally 
give the same result. The only way to make useful observations 
would be to start with everything cold, and find the time required 
to raise the air in the chamber to a given temperature. This is, 
however, hardly practicable. 

"We cannot obtain absolute or quantitative results by this method 
and the comparative figures require indeterminable corrections. 
Still it was thought advisable to try this plan among others, and 
see how far the results would correspond to those found by more 
definitive modes. Accordingly, the apparatus shown in Figs. 18 
and 19 was devised and used for this purpose. Fig. 18 shows a 
transverse section of the whole apparatus as it was mounted, 
together with the covering and pipe. Fig. 19 represents one-half 
as seen from tlie side next tlie covering. In making the apparatus, 
pieces of white pine plank, e^ are squared and rabbeted at the ends 
to receive the wooden braces,/'/, which are firmly screwed on. A 
two-inch hole is bored from the inner side, two-thirds through, to 
form the cylindrial chamber c. The inner side is then planed out 
so that the concavity «, when properly lined, may exactly fit the 
convexity of the covering to be tried. A hole, a?, is bored from the 
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top edge down into the chuniber o. The concsvitj a and the 
cliamber c are lined with thick woolen blanket, the large piece d 
being held in place by ticks n n. 

The halves are clamped on the pipe-covering with the four iron 
rods g, and tightened to a close fit with the thumb nuts A. Ther- 
mometers, 1 1, are let down into the chambers, a little cotton wool 
being crowded in around the steraa at x, to prevent the ingrese of 
cold air. 

The two chambers so applied aerva to check each other : for if 
the thermometerB differ much, there is a defect in the adjustment. 



J 



If Ml^ 
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Fig. 18. Fig. 19. 

A difference of two or three degrees, however, may occur, on ac- 
count of an inequality in the two sides of the covering itself. 

The condensation method is indirect, and therefore a little uncer- 
tain. It necessarily assumes that the pipe is all the time filled with 
dry steam. But we can hardly expect to have pure steam when 
its generation is going on rsipidly, and the vapor passes off through 
a long pipe which is all the time radiating heat. We can justly 
expect only a mixture of real steam with more or less mist. And 
if this mist, which has already lost its 600" C. [932" F.] of latent 
heat, is reckoned as invisible steam, our figures will not give the 
esact tnitli. 
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And then again, besides the two or three feet of pipe with the 
covering to be tried, there are necessarily the cap and other fittings 
which will lose heat in spite of any wrapping that we may put 
around thera. The gross results, therefore, need to be corrected 
by the amount due to the condensation by that portion of the 
branch which is not protected by the covering. It is quite possible 
to find the amount of this correction, if one has the material of the 
covering so that he can apply it himself and make it uniform. 
Thus we may cover, say, three feet of pipe, wrap the fittings with 
a good non-conductor, and make-trials enough to get a fair average. 
Then we may cut off one foot of the pipe and covering, keeping 
the other parts and their wrappings exactly the same as before, and 
make a second series of trials. Now, let x be the amount of con- 
densed water due to the three feet of coating, and y that due to the 
fittings. Having found for one hour aJXy=^, by the first trials, 

2x 
and by the other set — q- Xy=i/ by combining these equations we 

get a? = 3 {(t-l); and -o" =«-i=condensation per foot per hour. 

o 

If cutting the pipe is not feasible, the deduction to be made may 
presumably be ascertained in another way. First, determine the 
whole condensation by the covered pipe and the well wrapped fit- 
tings. Secondly, strip off the covering and try the naked pipe 
with the wrapped fittings. Thirdly, wrap the pipe just like the 
fittings, and make more trials. Lastly, strip off the wrappings from 
pipe and fittings and try all naked. 

Now let X = the amount of condensation by the naked pipe 
alone ; y = that by the naked fittings ; z = that by the wrapped 
pipe alone ; w = that by the wrapped fittings ; and u = that by 
the covering in question. 

By the last determination above mentioned we have found x -h y 
z=z a ; by the second, x •{• iv = h ; by the first, u -^ z = d ; and 
by the third, z ■\- w = c. We may fairly assume that x:y:'. z: w^ 
or xw = yz. Then by the various eliminations and substitutions, 
we have : 

a (b ^ c) a (a — I) (a —h) e (b — c) c 

X = —^ ^ ; y = — ' ; w = ^ ; z = -^ ^— ; 

a — c a — e a — c a — c 

u = a — ^ ^^ 

a — c 

In an actual trial, the result of which is given in No. 25 of the 
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appended table, tlie slag wool inclosed in straw board, supported 
by plaster rings at the ends, made altogether a covering 21 inches 
long. The extra pipe and the fittings were well wrapped with cot- 
ton wool, and the condensation was found d = 108.6 grams per 
hour. Kemoving the slag wool covering, it was found that h = 344 
grams. Kcplacing the covering by cotton wool wrapping, it ap- 
peared that c = 105.3 grams. With all wrappings strip])ed off, it 
proved that a = 428 grams. 

Hence, by substituting these values in the above formulas, we 
find X = 316.7; y = 111.3; w = 27.3; 3 = 77.7; u = 81.3. 

12 
Then ^X 81.3 = 46.5 grams per foot per hour. 




Fig. 20. 

For making trials by condensation, 1 used the arrangement 
shown in side view in Fig. 20: or, the fnain steam pipe; J, a T by 
means of which the steam may pass freely through the nip]>le <•, 
and the elbow <7 into the branch pipe e with its covering/. A bit 
of India-rubber tul)e tw, attached to the stop cock /*, connected with 
the cap y, allows the condensed water — when the cock is opened a 
little — to pass into the glass flask /?, without direct exposure to air 
currents; dy (/, h^ and the uncovered parts of e are wrapped with 
cotton wool. The angle of inclination is nuch that whatever con- 
denses in d and c runs back into the main pipe a, unless it remains 
suspended as mist, and is swei)t forward. 

As to the question of mist, I see no way of settling it except by 
combining the condensation method, including the correction given 
above, with the calorimetric method now to be described. 
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The calorimetric method, besides being directand absohite, seemed 
to me to promise a closer approximation to the truth than any plan 
used hitherto. To carry it out, the contrivance represented in Fig. 
21 A and B, and Fig. 22 A and B, was provided of different sizes 
to suit different coverings. 

Fig. 21 A shows a transverse section of the pipe, covering and a 

pair of calorimeters. Fig. 21 B gives 
a longitudinal section through the 
line M N of 22 A. Fig. 22 A is an 
end view of the calorimeter. Fig. 22 
B represents the same as seen from 
above. 

The calorimeters are made of sheet 
brass No. 29, and are so shaped that 
when clamped together they may 
completely and closely include a por- 
tion of the pipe covering c. The 
tube f serves for the introduction of 
watet, and the subsequent insertion 
of the thermometer, which is re- 
tained in place by the perforated cork 
h. Another pipe in the bottom m 
serves for drawing off the water by 
removing the cork n. The glass tube 
r attached by a caoutchouc connector 
to a small brass tube in the end, 
shows the height of the water. The 
top piece d^ to the inner sides of 
which are soldered slotted brass 
plates g^ allows the wooden paddle v 
to be swung back and forth on the 
brass pin 2, to equalize the tempera- 
ture of the water. The perforated 
brass ears x and the binding rods «, 
with the thumb nuts w^ furnish the 
means of clamping the two halves 




Fig. 21 A. 
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Fig. 21 B. 

over the pipe covering. Thick wooden washers y give a chance to 
turn the thumb nuts past the edge of the slanting bottom. 

A different mode of clamping is shown in Figs. 23 and 24, the 
first being a view from above, and the other a side view. Here the 
pine wood braces A, held together by the bolts ;•, are distinct from 
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tlie calorimeters. This mode of clniiiping was actually used in 
of the experiments, but the wooden bracee were not so easy to i 
age, and they were much in th^ way of the wrapping. For in us( 
wliole appai-atns was covered witli cotton bat- 
ting put on thick and held on by cotton twine 
wound around in various directiotiB. Cotton 
wool makes a good and cheap covering, but 
it takes much time to apply it. Latterly, it 
seemed best to try other wrappers, and for 
the sake of greater compactness the form 
shown in Figs. 35, 20, 37 was constrncted, 
Ilere the long sheaths s receive the wooden 
rods X, which are held by piiiR at one end 
and the wooden wedges \c w at the other. A 
calorimeter of this form was surrounded by a 
bo.x of thin wood made much larger, so as 
to leave a space about Ij inches thick all 
around the brass boxes — the pipes c and J" 
und tlie top piece j>, as well as the gauge (/, 
projecting outsido tho wooden l>ox. The 
space was tilled witli nearly two pounds of 
live geese feathers. The feathere make an 



X 







excellent non-conductor, but they are rather expensive, and by no 
means easy to handle. 
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Fig. 23. 



Then the clamping arrangement of Figs. 21 and 22 was tried, and 
a cover was made of three thicknesses of very soft woolen blanket 
sewed on ; this is rather costly, but it is, perhaps, the best wrapper 
to use. A wrapper of hair-felt was tried twice, but it was too ten- 
der to be used many times, and it did not admit of sewing on, but 
had to be held on with twine wound around. 

In making trials, the calorimeters are filled up with water 10° 

[50°F.], or 12° C. [53.6 
F.] colder than the air of 
the room, the thermom- 
eters are inserted, and 
the water is well agita- 
ted with the paddles. 
The temperature of the 
water, the steam pipe, 
and the air of the room, 
and the time are noted 
down. Observations are 
made every half hour, 
or of tener, till the water 
standalone. [50°F.], or 
12° [53.0° F.] higher 
than the surrounding 
air. The water is then 
drawn off and weighed. 
The experiment is re- 
peated times enough to 
give a fair average. 

Of course, all the 
heat transmitted by the 
length of pipe covering 
inclosed by the appa- 
ratus is taken up by the water, and could be exactly determined 
were there no radiation from the calorimeter itself. But wrap as 
we mav, there will still be a loss when the surrounding air is colder 
than the water. To neutralize the error from this source we should 
use only that part of the experiment which lies between two obser- 
vations, in one of which the water is about as many degrees colder 
than the air as it is hotter in the other ; thus the absorption of 
heat from without in the first part of the time is balanced by the 
radiation from within in the latter part. 
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the calorimeter itself takes np heat ae well ae the contained 
water, and we must therefore add to the weight of the water as 
much BB corresponds to the weight of brass and immediato Bar- 
roundings, the specific heat being taken into account. For every 
calorimeter, this is a constant C[uantity which may be determined 
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practically by mounting the apparatus on 'an unheated pipe, wrap- 
ping it as usual. Cold water is run in and allowed to stand some 
time, the temperature being noted. Then the water is as quickly 
a 8 possible run ont 
and replaced by warm 
water of known tem- 
perature. After a «c] 
thorongh agitation, 
the temperature is ob- 
served, and the warm 
water is drawn off and weighed. 

Let t = the temperature of the cold calorimeter. 
t' = the temperature of the warm water at first. 
T= the temperature of tho warm water after it is run in, 
and a = the quantity of warm water drawn out and weighed. 

If a! = heat units taken up by the calorimeter, reckoned either 
in grains of water heated 1° C. or in pounds of water heated 1° F. ; 
then 



_ at' + tx 



hence x ■ 



a (t'-T) 
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In an actual trial, the water equivalent of the calorimeters A Ij 
A IIwtiQ found to be 194 grams for each. 

In an experiment with covering No. 34 of the table hereto ap- 
pended : 

At 9h. 15m., A I stood at 12.63° 0. [54.73° F.], and A II at 
12.64° C. [54.75° R] * 

At 3h. 25m., A I stood at 42.73° C. [108.91° F.,] and A II bX 
42.18° C. [107.92° F.]. 

Mean temperature of the air 27.7° C. [81.86^ F.] 

Interval, 370 minutes. 

From A I were drawn off 3,260 grams of water ; from A II 
3,320 grams. 

Calculating from these data : 

(42.73 — 12.63) (3260 + 194) xj^ =16.859° 0. 

(42.18 — 12.64) (3320+194)Xg^=16.833° 0. 

The average of these and trials made on two other days, was one 
kilogram of water heated 16.671° C. per hour in each calori- 
meter. But the two brass boxes include 14 inches in length of the 
covering. 

12 

Hence —x 2x16.671 = 28.579 kilogram-centigrade heat units, 

or one kilogram of water heated 28.579° C. per hour by each linear 
foot of the covering. To reduce this to pound-Fahrenheit heat 

9 
units, we multiply by —X 2.205, which gives 113.43° per foot per 

o 

hour. 

Thus we have an absolute measure of all the heat which is trans- 



* Though thronghoat this report many temperatures are expressed in degrees 
with two decimal places, it should be understood that these arc not actual read- 
ings, but in most cases the observed numbers have been corrected according to 
the calibration table of each thermometer; and in calibrating, it was thought as 
well to carry out the calculations to hundredths of a degree. 
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mitted by the covering. But it may, with some reason, be objected 
that the rapidity of transmission, and therefore the amount of heat 
passing oflE from a constant source in a given time, is influenced by 
the temperature and nature of surrounding bodies; and hence that 
the communication of heat to a fixed quantity of water is not neces- 
sarily the same as that actually given off to air in free circulation. 
Further experiments are needed to determine exactly how the heat 
imparted to the water calorimeters compares with that given out to 
air by the freely exposed covering. We should naturally expect 
that as water has a higher specific heat than air it would induce a 
more rapid cooling, and that therefore the water calorimeter would 
give higher results than the condensation method. But we have a 
limited quantity of water allowed to get pretty warm as compared 
with an unlimited supply of cold air. In fact, the coverings No. 24 
and No. 25 of the appended table were intended to be alike, and 
were very nearly so. As the temperature of the steam averaged 
150° C. [302° F.] its latent heat was 500° C. [932° F.] Now the 

quaiitit}^ of water condensed per foot jper hour in No. 25 was 46.5 

1 
grams. And 46.5 x 500 X yj^w; =23.250 kilogram-centigrade heat 

units, while the calorimeter trial of No. 24 gave 22.807°. The dif- 
ference is not large, and this tends to show that air-cooling and 
calorimeter cooling are not very unlike. 

Any uncertainty as to whether water calorimeters show the actual 
loss of heat by pipe coverings does not affect their comparative in- 
dications respecting different coverings. A more important matter, 
perhaps, is the not unfrequent impossibility of exact fitting. Cov- 
erings that are plastered on are never of uniform thickness, nor are 
they exactly cylindrical. In such cases the contact of the calori- 
meters will be more or less imperfect, and radiation through confined 
air will be partly substituted for direct conduction. On the other 
hand, yielding coats, like hair felt, are somewhat compressed by 
clamping on the brass boxes, and yet more by the weight of the 
filled apparatus ; and the more closely fibrous matter is compressed, 
the greater its transmitting power. So the results of the trials are 
likely to be somewhat too favorable to the hard and inelastic cover- 
ings. 

In carrying out the examination of pipe coverings, it seemed 
best to get samples such that each one could be used for the three 
methods in succession. Accordingly, circulars were sent out re- 
questing manufacturers and others interested in the subject to fur- 
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nieh whatever specimens they wished to have snbmitted to conipet< 
itive trial. T)ie directions called for pieces of ordinary two-inch 
steam pipe two ieet long, cut with a right-hand thread at each 
end, and then covered, in tlie usual way, for a length of eighteen 
inches between the threaded ends. In response to this invitation, 
thirty-one samples were sent in by various makers, and eight 
kinds were brought and applied directly to our hot steam 
pipe in place. In only one or two instances have prices been 
given. 

The room available for the experiments is an iron-turning shop, 
through the upper part of which runs thirty-six feet of two-inch 
pipe, conveying to an engine steam of sixty pounds pressure. The 
engine is run, in term time, from S.45 a.h, to 12 h., aud from 1.30 
to 4.30 P.M. During the noon hour the pipe is full of hot but not 
moving steam. Before entering the room, the pipe mns about 110 
feet from the boiler. Two lengths of the pipe in the room were 
taken out and replaced by as many as possible of the two-t'oot sam- 
ple pipes coupled together. Near the middle of a set was inserted 
a T with a three-quarter hich aide connection turned upward. 
Into this was screwed a bushing furnished with a long thimble 
reaching nearly to the bottom of the T inside, as is shown in Fig. 
28, in longitudinal section, a the T ; p the plug ; n the thim- 
ble, made of a piece of tliree-«ightli8 in. gas pipe 
capped with c and filed thin. A thermometer t 
suspended in the thimble by means of the per- 
forated cork 8 gives the temperature of the paaa- 
ing steam. 

Calorimeter and air-chamber trials were made 
with each covering two, three, or sometimes four 
successive days. When one set was gone through 
with, another set eras mounted in their place. 
But several of the samples had been so covered 
as to leave too little space for a good grip of the 
pipe wrench, and therefore could not be dis- 
mounted in fit condition for connecting again as 
side branches. Moreover, the number of speci- 
mens sent in was unexpectedly large, some makere 
furnishing many pieces differing more in size 
FiG; 28. than in kind. Hence it was necessary to be con- 

tent with setting up again for the condensation trials only such un- 
injured pieces as might represent the different types of coverings. 
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When the experiments with each piece were finislied, the cover, 
while still at its maximnni of dryness, was stripped off, dissected, 
and weighed ; for, of course, the non-conducting power is not the 
only thing to be considered. We must take into account the cost, 
weight, bulk, necessary thickness, durability, ease of application, 
ease of removal, repair and renewal, simplicity, appearance, freedom 
from smell, temptation to insects or mice, hardness, resistance to 
moisture, combustibility, liability to crack, and the possible chemical 
eflEect on the pipe. 

Pipe coverings may be divided into four general classes : 

1. Those consisting essentially of light fibrous matter, as hair, 
slag wool, or paper, applied immediately to the pipe. 

2. Those composed of a paste or mortar, which is plastered di- 
rectly on the pipe, in one or several coats. 

3. Those having an air space next the pipe. 

4. Complex combinations of different layers. 

It will be seen that of all the coverings tried, as shown by the 
annexed table, the most efficient was simple hair felt with a cheap 
cover of burlap. It appears also that of the whole number, seven- 
teen owe their efficacy to hair. 

Slag wool came third in rank ; but it should be noticed that this 
was a most remarkable covering. The slag wool was two inches 
thick and was surrounded by wooden slats one inch thick, these 
being covered with three thicknesses of cloth. So the whole was 
enormously and absurdly bulky. On the other hand, this wool was 
not of commendable quality, for it parted with 38 per cent, of 
heavy globules when it was thrown on a sieve, and this superfluous 
[>ortion had increased the weight without doing any good. A more 
feasible covering was tried in Nos. 24 and 25, with the very same 
fiber after shifting out the shotted slag. This one-inch coating 
showed a fair result, though of course, by long heating and sifting 
and handling, the fibre had become much broken, and could not 
therefore be as efficient as new wool. It was desirable to try new 
slag wool of the best quality, but the dealers in the article were 
unwilling to sell a small quantity. No doubt the best kind would 
give a more favorable result than that shown in No. 24, and would 
prove really more economical than the cheap sort. I suppose this 
latter kind is the same substance that is Vnown in England under 
the misleading name of "silicated cotton." 

Spongy paper, as in No. 16, proves to be a tolerably good 
non-conductor. In a condensation experiment, not given in 
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the table, Reed's covering gave a net result of forty-six grams 
per foot per hour, which almost coincides with that of slag wool in 
No. 25. 

Straw covered with cotton cloth, as in No. 28, does not show an 
encouraging degree of excellence. 

The otherwise useless rice chaflE of No. 18, moistened with water- 
glass to make it less inflammable and somewhat coherent, proved 
much more efficient than straw rope. 

It should be remembered, fibrous or porous matter acts mainly 
by virtue of entrapped air, and hence the looser it is the better. 
Thus everybody knows that hard-spun woolen stuflEs do not make 
warm clothing. Asbestos is commonly supposed to have wonderful 
virtue in resisting heat, but there is really no magic power in the 
mineral fiber. It is a non-conductor only when it is in a light, 
downy condition and full of air. The figures given in No. 50 
show that hard-pressed asbestos paper conducts heat very readily. 
And it was observed that in those cases in which asbestos paper is 
put between the pipe and hair felt, the asbestos fails to prevent the 
scorching of the hair. Incombustibility should not be confounded 
with non-conducting power. 

As to the second class, the plastered coverings, none seems to be 
worth much except the diatomaceous earth or " Fossil Meal," of 
Nos. 21, 26 and 27. Of only one or two of them was the exact 
composition known, but there is not one of such excellence that the 
secret of its composition is worth keeping. Most of the pastes have 
an admixture of hair, vegetable fiber, or asbestos, to make them 
tougher and keep them from cracking. The more organic fibrous 
stuff which can be worked in the better, for it makes the covering 
lighter and looser and hence less capable of transmitting heat. When 
such fibers are surrounded by clay, plaster, or other mineral matter, it 
makes little difference whether they are of themselves combustible 
or not; they cannot char or bum unless used in connection with 
steam of extremely high pressure, or superheated steam. So here 
again, as compared with animal or vegetable fibers, asbestos, which 
is really a heavy mineral, has more plausibility than positive virtue. 
Most of the makers of plastered coverings appear to have been ex- 
perimenting with materials that are too dense. 

To the third class, those with greater or less air space, belong 
Nos. 9, 12, 19, 20, 22, 23, 34 and 37. 

With regard to the efficiency of coverings with an air space, the 
experiments so far are not decisive, because in no two trials was it 
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certain that the material was otherwise of precisely the same quality 
and thickness. In Nos. 34 and 36, which were apparently the 
same, with the exception of an additional wire gauze support in 
No. 34, the air space showed but a very slight advantage. The 
comparison of Kos. 16 and 19 is even unfavorable to the narrow 
air space. 

But when there is no visible covering at all, as in Nos. 47, 48 
and 51, it makes a wonderful difference whether the calorimeter 
comes in direct contact with the pipe, or a thin stratum of air inter- 
venes. It seems, too, that a quarter of an inch of air is as good as 
an inch. This calls to mind the well-known fact that one may 
safely stay a few moments in the air of a room heated to a point 
much above the boiling-point of water, as in the old "hot 
room " of calico print works ; but if the skin touches a metallic 
body or a liquid of the same temperature, burning or scalding 
ensues. 

So it was also observed that when hair or paper remained for a 
considerable length of time in contact with the hot steam pipe the 
organic matter became browned or scorched, while the hair felt in 
No. 9 remained, to all appearances, entirely unchanged, except at 
the ends where it was gathered in and touclied the pipe. It might 
be thought that the bright tin plate case, as such, had something to 
do with preventing the scorching ; for, from the tradition of Leslie's 
old experiments on heat, a surface of bright tin is reputed to be a 
poor radiant and recipient. But when the mere tin case of No. 9 
and the straw-board case of No. 20 were put on the pipe, side by 
side, the tin box soon becanie hotter than the hand could bear, 
while the straw-board could be handled. 

An air space, then, may prove very useful in obviating one of the 
great objections to coverings of organic fibrous matter, though it is 
not specially beneficial in otluT respects. Woolly asbestos, or 
asbestos paj)er, which the makers of some of the specimens appear 
to have relied on for this purpose, does not accomplish the object, 
for in all those samples in which a wrapping of asbestos came 
between hair and the pipe, the hair, after the trials, was found 
to be discolored by the heat. And then again, experiments Nos. 
47 and 50 show that a wrapping of asbestos paper does not in- 
sulate so well as the same thickness of mere air. The popu- 
lar confidence in asbestos partakes of the chai-acter of a supersti- 
tion. 

Coverings of the fourth class, those made up of many layers of 
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di£Eerent kinds, have not proved better or more efficient than the 
simpler ones ; and we may justly set down much of the ingenuity 
shown in devising coverings of this class as fruitless. Of course, 
complexity enhances the cost, and there should be some corre- 
sponding advantage. 

But of the actual prices charged, I have received statements in 
only one or two instances. It is evident, however, from the labor 
necessarily required to produce some of the specimens, that cheap- 
ness has not been kept sufficiently in mind. The question as to 
whether a covering shall be used or not is one mainly of dollars and 
cents, and the inquirer must be satisfied that the saving of beat 
will soon make up for the outlay. 

From No. 51, it appeara that a naked two-inch pipe, carrying 
sixty pounds steam, may condense 181 grams per foot per hour, and 
No. 25 shows that a cheap covering may reduce this to 46.5 grams, 
making a saving of 1345 grams per hour, or 1.345 kilos.= 2.96 
lbs. of steam in a day of ten hours. So the covering of one hun- 
dred feet of pipe would save in a year of 300 working days, coal 
enough to convert 88,800 lbs. of water into steam. If we consider 
one pound of coal as capable of making 8.88 lbs. of steam, we shall 
have a saving of five tons of coal per year for one hundred feet of 
the covering. So, where coal is worth $5 per ton, it would cer- 
tainly be worth the while to use a covering costing not more than 
twelve cents per foot, but we might wish to think twice before 
taking one worth twenty-five cents per foot. 

In some cases it may be worth the while to add a little to the ex- 
pense for the sake of securing a good appearance and having a cover- 
ing that can be easily kept clean. An encasement of cotton duck 
or canvas looks well, whether the cloth is drawn together by the 
edges and stitched, or is torn into narrow strips and wound around 
spirally. Except the costliness of this closely woven stuff, the only 
objection to such a jacket or bandage is its combustibility, and this 
ought to be obviated by painting the canvas with water-glass. 
Some of the plastered coverings sent in have a hard, smooth exterior 
finishing coat, which gives a pretty appearance, but adds too much 
to the already excessive weight. 

The weight and bulk of a covering are of some consequence, for 
if we add to the pipe three or four times its weight or size of other 
matter, we make it troublesome to support. A coating over five 
inches in diameter for a two-inch pipe seems absurdly disproportion- 
ate ; and as the pipe itself weighs fifty-six ounces per foot, an ad- 
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ditional weight of sixty ounces or more is altogether beyond reason. 
The weights given in the table show that some makers have sinned 
grievously in this matter. In the large and heavy specimens tried, 
excepting No, 3, there appears to be a lack of eflSciency, and there 
is little else to commend them. 

Of course, for every kind of covering there is an optimum of 
thickness beyond which the cost and bulk of any addition is not 
compensated by any further gain in efficiency, and this best size 
can be approximately determined onl;y by a series of careful exper- 
iments with each particular substance or composition. As most of 
my trials have been of ready-made coverings furnished by others, 
there are few data for reasoning about the matter of thickness. In 
comparing Nos. 1 and 2, we see that an increase of hair beyond an 
inch of thickness, or thirteen ounces of weight per foot, does very 
little good. 

Nos. 27 and 35 were made with the same fossil meal paste, and 
put on by the same pereon ; and here we see that a much less thick- 
ness than one inch of fossil meal is insufficient. 

Though Nos. 3 and 24 are not strictly comparable, the two taken 
together go to show that when poor slag wool is used it will pay to 
have it considembly more than an inch thick. 

As to ease of application, repair or renewal, Reed's covering, 
Nos. 16 and 19, and the Chalmer Spence Co.'s complex tubes, Nos. 
6, 10, 12 and 7 stand foremost. These are molded into form and 
partially bisected lengthwise — Reed's so as to leave merely a thick- 
ness of paper for a hinge, and the Chalmer-Spence through one 
side of the hollow cylinder — so the tube has only to be opened or 
sprung apart somewhat, clasped over the pipe, and fastened to- 
gether at the meeting edges with double-pointed tacks. The cover- 
ing can be taken oflE at any time by taking out the tacks and pry- 
ing the joints apart. Next to these comes hair felt which can be 
cut of suitable width, clasped around the pipe, and held on by 
winding string or fine wire around spirally. It may be left so, or 
cloth can be sewed on around it. 

Straw rope can be wound around spirally at a pretty rapid rate, 
but in time it becomes so brittle that it is worthless when unwound 
again. 

In No. 37, the tin plate cylinders are made in halves which lock 
together and are more easily put on than taken off. The inner case 
is held oflE from the steam pipe, to make an air space, by means of 
short corrugated tin plate rings. 
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The tin plate case of No. 9 is made in one foot lengths, with two 
opposite longitudinal ribs projecting inwai-d. Each IeDg;th ib made 
in halves, and the ribs are foi'tned by turning in the edges ao that 
they come double when the two halves are put together and fast- 
ened with solder. 
The cylinders are so joined end to end tliat their ribs lie in 
planes at right angles to each other. Both thiB 
covering and No. 37 are lacking in aimplioity and 
ease of adjustment. 

The air space in No. 19 is made in a ready way 
by winding around the pipe narrow strips of 
asbestoB paper, some distance apart, before the 
covering is clamped on. In No. 12 the complex 
cylinder of hair and pasteboard is held off from 
tlie pipe by sliort, thick paper cylinders. 

In No. 20, the air space was made in a cheap 
and easy way with rings of plaster of Paris 
placed a foot apart, and a cylinder of straw board 
sprung on over them. Tiiis straw board had been 
siiaped by rolling it in the machine with which 
tinkers form stove pipe, and was made large 
enough to liavtj one edge lap over the other a lit- 
tle. The plaster rings were made in halves, with 
a groove around the outside to receive the string 
il ^t with whicli tliey were tied together on the pipe. 

Fio. 29. Sucii rings can be cast with little trouble, and they 

shonld be well dried befoi-e u»ing. They could 

be made of porons terra-cotta at trifling cost, and 

\ -/ V-d I it would be better to fasten them on with sniall 

wire. The half rings in No. 22 were cut out of 

I— f ^ thin pine boards witli a scroll saw, and the etraw 

y ^ ^j ' board was tacked to them ; bnt pine rings shrink 

I I and become scorclied, while those of plaster or 

FiQ. 30. bnmed clay are hard, incombustible, and poor 

conductors of heat. The case of No. 24 was made in the same 
way, but with an incomplete cylinder of straw board so that there 
was left, along the whole length of the upper side, a narrow 
aperture through which the slag wool was crowded in. The long 
aperture was closed over with a somewhat wider strip of Btraw 
board, the whole being finally held together by winding twine 
around. 
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Fig. 81. 



The rice cliafiE of No. 18, the sphagnum of No. 22, and the 
charcoal of No. 29 were put on with the 
help of a wire cage specially contrived for 
the purpose. This is represented in Figs. 
29 and 30. The wire gauze h is turned at 
the edges around the long wires e^ and is 
tacked to the wooden supports a, g. The 
boards c, perforated with the holes d^ are 
placed on the top of the pipe, the wire 
cradle is brought under, and the loose wires 
e are slipped through the holes d. A 
sufficiently wide piece of cotton cloth is 
laid in the cradle, and the hangers c are 
raised up with wedges till tbe cylindrical part of the gauze is 
parallel with the lower half of the circuraference of the pipe. The 
fiUing is now crowded in around the bottom and sides of the pipe, 
and heaped over the top ; the edges of the cloth are drawn together, 
basted, and then tightly sewed, the hangers are finally slipped oflE 
the ends of the wires, and the cradle is taken away to be moved on 
for making another length. With a little care the cloth edges may 
be drawn over so as to make the upper half of the covering cylin- 
drical. The cotton cloth used was of the cheapest kind, costing about 
one cent for a foot of the covering. Of course, a cradle of sheet- 
iron or of wood could be used, but the wire gauze allows the free 
escape of any vapor that may be formed during the application of 
a moist filling to the hot pipe. 

It requires some practice to put on paste coverings with a trowel, 
and it is by no means easy to get them uniform and round. With 
the exception of the fossil meal, the plastered coverings are worth- 
less when they are taken oflE. 

I have observed no chemical action by any of the coverings, ex- 
cept such as contain plaster of Paris, which, while wet, rusts iron 
rapidly. The corrosion of pipe, which is said to have occurred some- 
times with slag wool that had become damp, must have been caused 
by the sulphate of lime formed by the oxidation of a trace of sulphide 
of calcium in the slag. 

Respecting durability, little can be learned by trials lasting only 
a few weeks. But it is well known that animal and vegetable sub- 
stances undergo a change by long-continued heating, and this some- 
times becomes obvious even after a few days' exposure. Wool, 
hair, cotton and paper in contact with a pipe at 150° 0. [302^ F.] 
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soon turn brown, and have their elasticity much impaired. To be 
sure, it is only a moderate thickness that becomes so affected, and 
samples of old coverings that have been sent me show that it takes 
years to scorch any considerable portion of the whole depth. 

Straw suffers farther out than the poorer conductors. Specimen 
No. 39, which was said to have been in use nine years, was still 
bright and straw-like outside, but the steam pressure had been under 
fifteen pounds. The straw alone in this sample weighed 4.2 ounces 
per foot, while the new straw of No. 28 weighed 10.6 ounces. If 
No. 28 really represents the original dimensions and character of 
No. 39, as it was intended to, the impairment of efficiency by the 
shrinkage bears a strikingly small proportion to the loss of weight. 

The change of organic matters by a steam heat is too slow to 
produce any sensible odor, but if by any chance hair-felt gets wet 
while on the pipe, it gives out an unpleasant smell for a long time. 
I have known instances in which this proved so great an annoyance 
that the covering had to be stripped off ; and the possibility of sucli 
an occurrence is no slight objection to the use of hair in immediate 
contact with the hot pipe. The intervention of an air space offers 
a possible prevention of this trouble as well as of the crisping of 
the hair. 

As to the chances for spontaneous combustion of any covering 
consisting of vegetable fibre, it is difficult to pronounce with cer- 
tainty. There is a report in circulation that a certain paper cover- 
ing has taken fire of itself ; but I believe this is rather a matter of 
interested surmise than of positive proof. I put two pieces of the 
indicted covering on a pipe near the boiler, where the temperature 
was very high outside and at least 160° C. [302** F.] within the 
pipe — one of the pieces as it came from the maker, the other charged 
with cotton-seed oil (this oil readily induces the combustion of cotton 
waste), and yet both the paper tubes remained so exposed to heat 
for six months without showing the sligthest inclination to take tire. 

Of course, coverings made of organic substances become exces- 
sively dry and tinder-like when they are constantly exposed for a 
long time to steam heat, and then they very readily catch fire 
when a spark or a flame touches them. Therefore, though, there is 
little danger of fire from within, it is well to guard against fire from 
without. The impregnation of cloth wrappings with borax, tung- 
^ state of soda, or water-glass is calculated to lessen very much the 
danger from fire. 

In connection with the testing of what were offered for fire-proof 
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window shutters some years ago, I was led to believe that one of 
the best and cheapest non-conductors could be made of water-glass 
and wood charcoal, since by charring, all gas-forming material is 
eliminated from the wood, and carbon does not oxidize rapidly 
when covered with the varnish-like and fusible silicate. It was this 
mixture that I tried in No. 29 ; but as there was no light pine char- 
coal at hand I was obliged, by want of time for making some, to 
take a rather too dense substitute. Still the result is encouraging, 
and I hope to follow up the matter farther, for this concreted unin- 
flammable coal is capable of many useful applications. 

The rice chaflE in No. 18 was also mixed with enough water-glass 
to render it somewhat coherent when dry, and as the chaflE is itself 
rather silicious, we thus get a covering so charged with mineral mat- 
ter as to be hard to set on fire, and at the same time quite light and 
eflScient as a non-conductor. Doubtless chopped straw might be 
used in the same way. But sawdust soaks up so much water-glass 
as to make a paste that dries too dense. 

Coverings that contain flour or meal are liable to be troubled 
somewhat by mice. Even silicated rice chafl[* is not altogether proof 
against them. These animals also gnawed the interior of specimen 
No. 12. 

When it is desirable to have a covering water-proof outside, this 
can be effected best by putting on a wrapper of sized cloth and 
applying to it one or two coats of oil paint. Of course, this should 
be done only after the covering has become perfectly dry. But 
trouble is sometimes caused from within, by leaking joints, and in 
such a case a water-proof coat only occasions a spreading of con- 
cealed mischief inside. On the other hand, a very porous coating 
allows the vaporized water to escape, and, if the leak is slight, no 
harm is done. It is well to use a pretty loose material for covering 
the joints, to separate those parts from the rest by impervious dia- 
phragms of tin plate or plaster, and to make them so that they can 
be easily removed without disturbing the other portions. 

The following table of specimens tried. Table I., is arranged in 
the order of their transmitting power as shown by the calorimetric 
method. The first column gives the source from which each of the 
samples was obtained, together with a concise description of the 
make-up, beginning with the coating next the pipe. Those marked 
"J. M. O." were home productions. 

The maximum diameter is given in the second column, few 
being quite cylindrical. 
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The weight in the third eoluirm includes the average of the whole 
of the covering, but in many cases the essential part constitutes 
only a moderate portion of the whole weight. Fuller details of the 
structure are given in the second table. 

The fourth column gives the highest temperature observed in 
the air chambers during the trials. In one or two instances, the 
covering was so irregular that the air chambers could not be made 
to fit closely enough for a fair trial, and so no figure is given. 

The numbers in the fifth column show the condensation by each 
foot of the covered pipe in one hour. " Gross" signifies that the 
condensation by the fittings and extra pipe is not allowed for, and 
the figures given are therefore really from one-fourth to one-third 
too high. The method given above for eliminating this error, was 
not invented till most of the trials had been made. In the trials 
made latterly, the word " net " shows that the proper deduction has 
been made. It takes many days to get the data for the requisite 
correction, and it is hardly worth the while to spend the time for 
this, with many samples, till further careful experiments shall show 
whether the matter of mist really vitiates the results of the con- 
densation method as much as we may suppose it can. 

The sixth column shows how many heat units are actually trans- 
mitted in an hour by one foot in length of the pipe covering — that 
is, how many degrees centigrade one kilogram of water may be 
heated by it, or how many kilograms of water may be raised 1^ C. 

In the last column the same loss of heat is expressed in degrees 
Fahrenheit which one pound avoirdupois of water may be heated. 

As all the samples beyond No. 30 allow more than twice as much 
heat to pass through as is transmitted by No. 1, it would seem that 
in No. 31, and all aft^r it. there is much room for improvement. 

The average of the 46 coverings — No. 50 being left out — is 
24.623 kilogram-centigrade heat units transmitted. 

The average weight is 49 ounces, or a little over three pounds 
per foot. 
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TABLE II. 

No. 1. Hair felt, 826 grams; burlap and twine, 85g. Length 18 in. 

No. 2. Hair fell, 493g.; burlap, 50g. ; twine, I7g. Length, 18 in. 

No. 3. Slag wool, 2 in. thick. 3,860g. ; wooden slats, } in. thick, and nails, t,815g. 

wooden rings at ends. If in. thick, 540g. ; tin-plate rings between wooden 

rings and pipe, 51g.; burlap, 127g. ; cotton cloth two thicknesses, and 

paint, 270g.; tacks, 13g. Length, 24 in. 
No. 4. Asbestos paper faced with loose asbestos fiber, 16^ X 25 in., 205g.; } in. 

hair felt, 18 X lOJ in., 282g.; twine, 3g.; asbestos paper, 17i X 18 in.; 

112g.; I in. hair felt, 17^ X 14 in., 407g.; twine, asbestos paper, 

17i X 16, 133g.; canvas, 19 X 18 in., 80g. Length, 17i in. 
No. 5. Asbestos paper, 119g.; twine, 4g.; hair felt, 458g. ; canvas, 94g. Length, 

16i in. 
No. 6. Hair and pasteboard, not easily separated. Whole weight, l,280g.; 

Length, 18 in. 
No. 7. Asbestos paper doubled, llOg. ; hair felt, 486g. ; paper, 157g.; canvas and 

string, 93g. Length, 18 in. 
No. 8. Asbestos paper, two thicknesses, 98g.; hair felt, 1^ in. thick, 16i in. wide, 

16i X 12 in., 456g.; twine, 6g.; paper, 17J X 3U iQ-» lo6g.; canvas, 

87g. Length, 17^ in. 
No. 9. Tin-plate case and ribs, 580g. ; 1 in. hair felt, 494g. ; canvas and twine, 

94g. Length, 23 in. 
No. 10. Hair and pasteboard cemented together. Whol^ weight, 910g. Length, 

17J in. 
No. 11. Asbestos paper, three thicknesses, 172g.; twine, 6g.; 1 in. hair felt, 

552g. ; twine, 23g.; paper, 123g. ; canvas, 81g. Length, 23^ in. 
No. 12. End pieces of paper, 3 in. long, lined with asbestos paper, 575g. ; asbes- 
tos paper, hair felt and pasteboard cemented together, l,860g. Length, 

17J in. 
No. 13. Asbestos paper, two thicknesses, 167g.; asbestos paste, 1 in. thick, 2,010g. ; 

f in. hair felt, 38og. ; twine, 5g. : asbestos board, 220g.; f in. hair felt, 

505g.; twine, 6g.; asbe&tos board, 30lg. ; canvas, 107g. Length, 

18i in. 
No. 14. Clay, 760g.; paper, 115g.; hair felt, 280g.; laths, 430g.; iron wire and 

plaster, 2,270g. Length, 29 in. 
No. 15. Asbestos paper, several thicknesses, 299g. ; hair felt, 425g. ; twine, 2g. ; 

paper, 198g.; canvas, 187g. Length, 28 in. 
No. 16. Alike throughout, l,280g. Length, 17J in. 
No. 17. Hair and asbestos cemented together, l,290g. Length, 18 in. 
No. 18. Silicated rice chaff, l,060g.; wooden rings and cloth wrapper, 120g. 

Length, 22 in. 
No. 19. Asbestos paper rings, paper tube, whole weight, l,230g. Length, 17i in. 
No. 20. Wooden rings and straw board, 249g.; hair felt and twine, 443g. Length, 

24i in. 
No. 21. Fossil meal and hair, alike throughout, 2,040g. Length, 20^ in. 
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No. 22. Wooden rings, 87g.; straw board, 192g.; tacks, 5g.; outer rings of paper, 

1} in. wide, 118g. ; spliagnnni, 174g.; cloth, 40g. Length, 24^ in. 
No. 28. Two iron rings, 1 in. wide, and tacks, 440g.; J in. hair felt, 218g.; laths, 

851g.: wire and plaster, 2350g. Length, 21i in. 
No. 24. Gypsum rings, 256g ; straw board cover, 201g.; slag- wool filling, 940g. 

Length, 24^ in. 
N«. 25. Plaster ends, 253g.; straw board, 175g.; slag- wool filling, 802g. Length, 

21 in. 
No. 26. Hair and fossil meal, uniform throughout, 980g. Length, 13 in. 
No. 27. Fossil meal and hair, uniform throughout, l,270g. Length, 20 in. 
No. 28. Straw rope, 1 in. thick, 400g. ; cotton cloth, four thicknesses, 400g.; iron 

Tings at the ends, not included in the weight given in Table L Length, 

16 in. 
No. 29. Silicated charcoal, l,760g. ; wooden rings and cloth wrapper, 120g. 

Length, 19 in. 
No. 30. Paste of plaster, carbon, fiour and hair, l,560g. Length, 20 in. 
No. 31. Asbestos paste, 820g.; clay and fiber, 960g.; paper pulp, l,560g. ; twine, 

23g.; mortar, 3,260g. Length, 42 in. 
No. 32. Wooden rings, 74g.; straw board, 166g. ; tacks, 5g.; rice chaff filling, 

240g. Length, 24^ in. 
No. 33. Asbestos and clay, 580g.; wood and wire, 325g.; paper, 332g.; plastering, 

2,052g. Length, 24 in. 
No. 34. Wire netting and sheet-iron props, 210g.; asljestos paste, l,840g. Length. 

16 in. 
No. 85. Fossil meal and hair, uniform throughout, 770g. Length, 19 in. 
No. 86. Asbestos paste, uniform throughout, l,300g. Length, 16 in. 
No. 37. Corrugated rings of tin plate, 97g. ; tin-plate cylinder, 845g.; asbestos 

paper, 204g.; tin-plate cylinder, 445g. ; tin-plate ends, 80g. Length, 

16J in. 
No. 38. Two kinds of paste not separated, 3,290g. Length, 17 in. 
No. 39. Straw rope, 160g.; six thicknesses cotton cloth, 212g.; iron rings at ends 

not reckoned. Length, 16 in. 
No. 40. Asbestos paper, 179g. ; three coats plaster with fiber, 4,4d0g. Length, 

17i in. 
No. 41. Paste, uniform throughout, 5,740g. Length, 36 in. 
No. 42. Clay and fiber, uniform throughout, 3,500g. Length, 15J in. 
No. 43. Asbestos paper and twine, 102g. ; asbestos paste, 8,760g. Length, 

18i in. 
No. 44. Ashes, plaster, fiour and hair, uniform throughout, 3,740g. Length 

20 in. 
No. 45. Asbestos paper, 113g.; asbestos paste, 7,370g. Length, 18J in. 
No. 46. Asbestos paper, asbestos paste, together, 4,320g. Length, 18^ in. 
No. 48. Clay and fiber, alike throughout, 2,310g. Length, 15 in. 
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Air space, Ncs. 9, 12, 19, 20, 22, 23, 84, 37, 47, 48. 
Asbestos Packing Co., Nos. 7, 8, 31, 403. 
Asbestos paper. No. 50. 
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CUalk & Lawton, Nos. 3, 37. 

Chalmers Spence Co.. Nos. 6, 9, 10, 12, 17, 34, 36. 

Charcoal, No. 29. 

Complex, Nos, 3, 4, 6, ^ 8, 10, 11, 12, 18, 14, 17, 22, 33. 

Eureka Covering Co., No. 88. 

Fall River Steam Covering Co., No. 49. 

Fossil meal, Nos. 21, 26, 27, 85. 

J. H. Graham & Son, Nos. 14, 28, 83, 41. 

Greenwood Co., No. 5. 

Hair felt, Nos. 1. 2, 5, 20. 

H. W. Johns' non-conducting covering, Nos. 4, 11, 18, 43, 45, 46. 

Lowell Felting Mill, Nos. 1, 2. 

Naked pipe, No. 51. 

S. C. Nightingale & Childs, Nos. 21, 26, 27, 36. 

J. M. O., Nos. 18, 20, 22, 24, 25, 29, 30, 82. 44, 47, 48, 50, 51. 

W. E. Parker, Nos. 28, 39. 

Pastes, Nos. 30, 31, 36, 88, 40, 41, 42, 43, 44, 45, 46, 49. 

Reed's covering, Nos. 16, 19. 

Rice chaff, Nos. 18, 32. 

Slag wool, Nos. 3, 24, 25. 

Straw, Nos. 28, 39. 

Samuel Taylor's non-conducting composition. No. 42. 



DISCUSSION. 

Prof, Thurston, — I want to ask the gentleman who read the 
paper if he can give us any further information in relation to the 
matter to which reference is made in his second paragraph. He 
says there: "An examination of the matter showed that neither 
dye stuffs nor oils were present in these coverings, so the fires 
could not be ascribed to spontaneous combustion." We had some 
correspondence in regard to that some time ago. It happened that 
a number of years ago I was endeavoring to get some information 
on that subject. I could not find much, and resorted, at last, to the 
old works on the preparation of charcoal. I prepared a curve, 
showing the relation of temperatures of preparation to the temper- 
atures of ignition of charcoal. Carrying that curve out, I found 
that preparation of charcoal at the temperature met with in steam 
pipes could not give rise to ignition, unless there was a change of 
law. But, later, Mr. Woodbury has sent me, or induced the author 
to send me, Mr. Moore's little work oh fire insurance and causes of 
fires, which contains some very valuable matter, especially with 
reference to spontaneous combustion. I would like to ask if he has 
any further facts to offer in that connection ? 

Mr. Woodbury, — I have not with me any special matter with 
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reference to the fire risk from steam pipes, because I did not con- 
sider the subject germane to the objects of this Society, but we 
have had four fires in the last year from steam pipes covered with 
a mixture of wool waste and wood pulp made into a paper and put 
around the pipes. There has been one fire this last year arising 
from the contact of pipes with wood, which was very curious in its 
nature. It was in a new mill, where the proprietor had taken ex- 
treme care that the steam pipes should be at all times, and in all 
places, away from contact with combustible materials; and in one 
place there was a steam pipe which extended 100 feet horizontally, 
and then turned in a vertical direction near a partition, but was 
wholly free from the partition. When steam was admitted to the 
pipe it was expanded enough by the heat to press firmly against 
the wood partition at the end, and ignited a fire which injured the 
mill to the extent of $75,000. With reference to the experiments 
which Professor Thurston has cited, and which are quoted in detail 
in his latest and very interesting work, wherein he has undertaken 
to prove that steam pipes cannot start a fire, because the ignition 
point of charcoal, produced by a temperature equal to that of steam 
at low pressures, is greater than the temperature of steam at any 
pressure, I agree with the Professor in his statement of the fact 
that the ignition point of a charcoal exceeds in some ratio the tem- 
perature at which the charcoal was formed, but we do not know the 
temperature at which charcoal is formed by the' steam pipe, because 
there is more or less air circulating around between the pipe and 
the combustible matter. The actual contact of a pipe with wood is 
a tangential line, and the wood on each side of that line is merely 
heated by radiation from the pipe, and its temperature must be ap- 
preciably less than that of the steam. The long continued applica- 
tion of the heat chars the wood, and ultimately some slight incre- 
ment of heat, or possibly some sudden absorption of the oxygen of 
the air produces a combustion. There is a great deal that is 
mysterious about it. It is impossible in the laboratory, as a matter 
of experiment, to repeat it ever at will, but in that respect it does 
not difiEer from a great many other facts which are forced upon us 
by our e very-day experience. 

Dr, Grimshaw, — So far as I know, the number of experiments 
which have been published in reference to the n on -conductive 
power of material, is, up to the presentation of this paper, very 
small. There have been some few published on the other side with 
reference to the radiation from plates. Mr. Charles E. Emery had 
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a very interesting series some years ago. About a year or so ago, 
I had the pleasure of publishing a test of about a dozen of the ordi- 
nary non-conducting materials. 1 would like to get at a way of 
comparing these, one with the other. I would like to say that my 
own tests differ squarely from the views expressed on page 87, 
where the author speaks of the air space having no effect on 
the value of the covering. I made a number of tests of different 
non-conductoi*s, varying the thickness of the air 'space from one- 
quarter of an inch up to an inch, and 1 found (particularly with the 
mineral non-conductors), that there was more in the air space than 
in the other non-conductors. I made an experiment about a year 
and a half ago with various coverings, taking the amount of water 
condensed both in vertical and horizontal pipes, and after a year I 
found that some of them exchanged places in the order of non-con- 
ductibility. I do not know whether these tests have been carried 
on with old covering as well as new. I think they have been new. 
A good many of the plaster coverings are very poor when first 
started, and improve with age. Then, again, some of the coverings 
which char decrease in non-conductibility, and others increase. I 
would like to ask Mr. Emery's experience in that line, which has 
been rather large and varied, 

Mr, Emery, — Mr. Chairman and Gentlemen : These experiments 
show an earnest effort to get at certain truths in reference to this 
subject of non-conductors, and it is to. be regretted that they were 
not carried on on a somewhat larger scale, and by methods approxi- 
mating more nearly those of average practice. I have no doubt 
of the substantial accuracy of the general results, but methods 
were available and were su<rgested to the gentlemen who conducted 
the experiments, which would have re(|uired far less effort, and 
have given results which could be re|>eated by any person here pre- 
sent in simple, practical ways. 

All of the tests stated in the paper are subject to criticism. The 
practical question is how much heat is lost by the conduction of 
steam through pipes, covered or uncovered. As the heat passes 
away the volume of the steam is reduced, and a portion becomes 
water. The amount of water is an exact measure of the quantity 
of heat that passes off. If the experiments be made on a sufficiently 
large scale, there is no method so simple as to measure the water 
directly. There is no difficulty whatever in putting ui>— with the 
plenty of capital these mutual insurance companies liave — inclined 
pipes 50 or 100 feet long, covered throughout their entire lengths, 
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arranged to receive steam at their higher ends, from the same 
source of supply through vertical risers, and to discharge the water 
of condensation separately at their lower ends. 

The apparatus shown in Fig. 20 is on the right general principle, 
but the pipe needs to be long enough so that the ends have no gov- 
erning influence on the result. Several such pipes covered with 
different materials should be tried at the same time, and a receptacle 
under pressure provided at the lower end of each to receive the 
water of condensation. Each receptacle should be of the same 
size, and covered with the same material, so that the steam con- 
densed in each may be the same, and readily separated from that 
condensed opposite the covering under trial. The correction for 
the influence of the ends shown by the formulse of the writer 
should be very small and could readily be made so by simply 
lengthening the pipes, as has been suggested. 

The errors due to operating on a small scale also affect the calori- 
meter and air chamber methods. It cannot be supposed that the 
calorimeter fitted the various coverings, so the results are partially 
due to direct conduction from the covering to the metal of the cal- 
orimeter and partially due to radiation from one to the other 
through a more or less thin stratum of air. Again, a correction 
is due to the fact that the covering extends beyond the ends 
of the calorimeter. Some correction would be necessary even if 
the exterior covering of the whole apparatus, including ends of 
pipe, were absohitely non-conducting, for the reason that the in- 
fluence of the calorimeter extends over a larger area than it covers. 
In the middle of the calorimeter the heat passes radially outward 
in right planes, and in due time a regular gradation of temperature 
from that of the steam to that of the calorimeter is established 
throughout the thickness of the covering. Just beyond the calori- 
meter, however, this gradation in right planes must cease, for there 
is nothing to absorb the heat (or it is absorbed at a different rate). 
The effect is that the heat establishes gradients in diagonal lines 
through the covering from points on the steam pipe beyond the 
calorimeter to the outer limits of the latter. Exact quantitative 
results are therefore impossible and may err widely for so short an 
apparatus. The comparative results of trials with different cover- 
ings are also affected, for the conductor with lowest resistance or 
the poorest non-conductor will absorb heat the farthest away from 
the limits of the calorimeter. The same reasoning applies to the 
limits of the air chambers in Figs. 18 and 19. 
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I may add that Prof. Ordway wrote me askiug if I would send him 
some mineral wool fitted on a pipe two feet long. I did not at that time 
know anybody who was using mineral wool on pipes in that way. 
The New York Steam Company used it only in bulk, I wrote the 
professor to ascertain the proposed methods of testing, made some 
suggestions and turned his circular over to the agent of the Min- 
eral Wool Company. Whether anything was ever done with it I 
do not know, but the evidences appear here to be that there never 
was ; that the company never sent on any samples or troubled them- 
selves about tests on such a scale ; but it appears that some firm in 
Pawtucket furnished some wool which was very bad with a large 
amount of what they call " shot " in it. In regard to the experiments 
which I myself conducted, I may say that they were for an entirely 
different object. There some material which could be used in bulk 
was to be put in conduits about pipes under ground, and it was de- 
sirable to find the material best suited for that purpose. The ex- 
periments necessarily were to be short; therefore they were con- 
ducted on an unusually large scale and with an actual refrigerating 
apparatus. The results were strictly comparable. The whole ap- 
paratus was covered with hair felt, so the condensation at the ends 
was inconsiderable compared to the actual refrigerating influence of 
running water about the covering undergoing test. Hair felt is the 
best material readily obtainable when non-conducting properties 
simply are considered, and mineral wool comes next. At the present 
time there is in the market a covering of mineral wool which is en- 
closed in paper and readily applicable so as to give a reasonable 
thickness about the pipe. It would be very interesting to know 
what the result of a test of it would be. The fact that no mineral 
wool was furnished by the company perhaps caused the experi- 
menter to neglect to state some of its advantages. He notes the 
necessity of durability and non-combustibility; but I observe that 
he discusses everything but the mineral wool with reference to 
these subjects. Certainly when mineral wool is kept dry it main- 
tains its condition permanently, and it is absolutely non-combus- 
tible. Mention is made of corrosion in the paper. What is said 
is true of hair felt, mineral wool or any porous covering when the 
same becomes moist. 

As to the question of mist, which has been raised here, it would 
never have clouded the mind of the experimenter had the experi- 
ments been made on a large scale under practical conditions. In 
experiments on a large scale the comparisons are made when the 
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conditions become uniform. Everything is to be heated np at first 
and there will be more condensation the first half hour than there 
is the second, and so on ; and as soon as the condensations be- 
come uniform, equal amounts in equal times, it is proper to take 
the results of the last interval, because the rate of condensation is 
then established under the conditions of actual practice. Under 
such conditions, there would be just as much mist in the pipe at the 
beginning as at the end of a trial. 

Again, these experiments were intended to ascertain the liability 
to fire from coverings of steam pipes, and yet it does not appear 
that there were any tests made to determine that question. Fires 
have occurred in my experience where the steam pipes pass through 
partitions in neglected places and where return pipes come through 
holes in the floor or holes in the partition and dust collects on them. 
When the latter becomes highly heated, certain changes take place 
which cause a fire to occur in that particular location. I have found 
that when there is a slight steam leak the wood becomes charred 
very rapidly. That is particularly the case under ground where 
the temperature can rise very high. Wood when exposed to a 
steam bath that way becomes rapidly charred, whereas it will 
stand a very great heat without charring where there is no steam 
leak. 

I have recently made an experiment to determine the condensa- 
tion in four miles of mains. They run from 16 inches in diameter to 
6 inches. Most of them are large. Out of the four miles I should 
suppose that two-thirds were over 15 inches in diameter. It re- 
quires 180 horse power for mains which will carry in due time 
8,000. It shows how perfectly insulation can be procured if proper 
means are taken to secure it. The mineral wool, with a minimum 
thickness of 4 inches, is put about the pipe in trenches which are 
generally of brick, for the large pipes, with a board covering, over 
which 'tarred paper is placed to exclude moisture. The smaller 
pipes are covered with a wooden casing. The space between 
the pipe and casing, about two and a half inches all around, 
is filled with mineral wool. This plan gives the highest resistance 
because the wood is a very good non-conductor. 

I would further call attention that the paper is written in units 
of the metric system, and shows at once the annoyances which occur 
by B, partial change of system. I don't know anybody who has given 
the matter thought but that would like to have a decimal system. 
But until a change is made by law, and possibly it will have to be 
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made by military force, there is very little comfort in reading a 
paper in the metric system. I tried to compromise the matter with 
the Civil Engineers by suggesting that both systems should be given, 
but that the regular reading of the text be given in the English 
measures, and the metric measures in parenthesis. I would sug- 
gest that some of- the observations noted in this paper be given in 
the English measures as well as the final results.* 

Mr. Barr. — I should like to ask Mr. Emery a question. Among 
the other things which would be taken into account is the possible 
chemical effect on the pipe. I think it was at the Philadelphia 
meeting something was said with reference to the chemical action 
of mineral wool upon wrought iron pipes. Now, I should like to 
know whether in his experience he has found that to be enough to 
amount to anything practically ? 

Mr. Emery. — There is no action whatever of mineral wool on 
the pipe except when the wool becomes moist and is allowed to lie 
while in that condition in contact with the pipe. I have seen ex- 
actly the same effect, however, with hair felt under the same con- 
ditions when there was a leak. The hair felting lay in a mat and 
rust collected on the pipe under the felt. I have seen the same 
result with plaster covering. It is not the covering which is the 
cause of the damage ; it is the fact that moisture is there and it ab- 
sorbs carbonic acid. from the air. In the case of mineral wool there 
may be a formation of acid compounds which hasten the action. 
It is perhaps in that respect very much like the difference between 
water gas and coal gas. Water gas will kill in eleven minutes and 
coal gas in titleen minutes, or something in that proportion. The 
question of corrosion does not enter into our steam system in this 
city in any sense. The steam is on continuously night and day and 
never has been shut off since it was started, nearly two years ago. 
The pipes are continually dry and there is no action seen, and mere 
exposure to steam will not cause corrosion. I would not advise 
anybody to lay steam pipes under ground for winter work only and 
cover them with anything whatever. The true way would be to 
have a tunnel which could be kept dry. This matter was brought 
np at Columbia College where they had return pipes. The pipes 
laid in the ground without any covering did not deteriorate as 
rapidly as those which were covered. The covering was protected 
by an outer casing which kept in the moisture, due to leaks and ab- 

* The temperatures bj Falirenlieit scale have beeu added in the body of the 
paper. 
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sorption from the soil. When the soil is porous the water runs 
away, and there is nothing to keep it in contact with the pipe. 

The President — When I became connected with the Calumet 
& Hecla in 1871, the custom in carrying steam pipes was to make 
a trench in the ground, put the steam pipe in and shovel the dirt 
back. There were pipes to be found there of several hundred feet 
in length which were laid in this way, to carry steam to run the 
works. In an 8-inch pipe 500 feet long, which was laid in a tunnel, 
the condensation was several hundred gallons per hour. There was 
a separator placed near the engine and the water was taken away 
through a trap. The condensation was enormous. A covering of 
plaster of Paris and sawdust was applied ; it cost about 12^ cents 
per square foot of pipe covered. Before the covering got dry 
there was a good deal more condensation than on the naked pipe. 
But subsequently when the covering was thoroughly dry, the con- 
densation was less than one percent, of what it was before the pipe 
was covered. 

This calls to mind some experiments made by Mr. Isherwood in 
1863, at the Vulcan Iron Works in Baltimore. He had an appara- 
tus made of boiler plate which was ¥ery much in the form of a 
" Gold" radiator. It was composed of boiler plate with ten feet 
of surface, I should say, on each side. This was put into a place 
where it could be in perfectly still air, or where a current of air 
could not strike it. Means were provided for drawing off the con- 
densed steam, and steam at about sixty pounds pressure was put 
through it. The practical result of all the experiments was that 
one inch of hair felt applied would prevent ninety-five per cent, of 
the condensation and that any additional thickness could only, save 
a total of five per cent. Now, we cover our large Calumet boilers, 
which expose hundreds of feet of surface, with about two inches 
and a half of plaster and sawdust, and one inch of hair felt outside 
that, and we find that our condensation does not go up higher in 
the winter than in the summer, notwithstanding the fact that the 
temperature goes down to nineteen degrees below zero. And I 
have actually seen within six feet of a nest of boilers, burning at 
the rate of twenty tons of coal in twenty-four hours, the ther- 
mometer standing at zero. I think that the criticism made by Mr. 
Emery on this method of trial is perhaps a very just one. We 
want experiments on a large scale. A man does not often make a 
steam pipe to connect his works a foot and a half long. It takes 
large experiments to get at true results. 
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Mr, Oherlin Smith. — Did yon say the proportion of the raixtnre ? 

TTie President, — Abont one part of plaster and two parts of saw- 
dust. The plaster and the sawdust are mixed up like mortar. 
Before using this covering our pipe lines could be located in winter 
bv the melted snow lino above them. 

Mr. Emery. — Are those works going night and day ?, 

Tht President. — Yes. 

Mr. Oherlin Smith. — I think that is a very interesting fact with 
regard to the sawdust and plaster being so cheap. Was the plaster 
mixed in a fluid state first ? 

The President. — It was mixed up as you would mix ordinary 
mortar. The plaster and sawdust were first put in together dry, 
and then wet and mixed up. This covering was used at the Frank- 
lin Institute Fair in 1865, being applied to a boiler which was used 
to run the machinery. I obtained the idea there, and having had 
some experience at Lynn with asbestos, which was very expensive, 
it was very gratifying to get hold of something that was cheap. 
We usually put on the sawdust and plaster from one and a half 
to two and a half inches thick. 

Mr. HoUoyxm/, — I was shown this covering not long since. It 
was divided by wooden segments. 

Mr. Leaviit. — That was for boilers. What I have previously de- 
scribed was for pipes. If the Society would like, I will describe 
the method exactly. We take wood battens three-quarters by two 
and a half inches wide. We put between the edge of the batten 
and the l)oiler, about half an inch of this compound. These are 
fastened all around the boiler. We then take a band of hoop iron, 
putting it around, and fill between the battens with plaster. I 
think the mine people have adopted the practice of putting it on in 
little blocks about a foot square. Outside of that the specifications 
call for an inch of hair felt and canvas. We keep very accurate 
records of the daily evaporation, and I find tliat it is very uniform. 

Mr, Oherlin Smith. — You wrap them with wire, I suppose, when 
you put them on pipe ? 

The President. — Yes, with wire or hoop iron. 

Mr. Em/ery. — There is one point I left untouched here. The 
paper attempts to discuss how much we can afford to pay for a 
square foot for covering. That is not entirely dependent upon the 
actual cost; for with a comparatively small amount of water in the 
steam, we who have to do with steam know that the cost of power 
in an engine is greatly increased. In actual practice, I have found 
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that by the metliods adopted here we get steam half a mile away 
just as good as it is at the boiler. Of course there is a little water 
running along the bottom of the pipe, and if in any way that 
becomes mixed with the steam, it has to be separated again. Evi- 
dently there was considerable loss, after all, in the case mentioned 
by tlie Chairman. It is not to be expected that there should be 
veiy much difference between winter and summer. The differences 
of absolute temperature are not very great ; but that there w^as a 
very considerable loss in the particular case mentioned by the 
President is shown bv the fact that the snow was melted off the 
ground above the pipes. In our steam system here it is not possible 
to tell where the pipes are, excepting at man-holes. The ice and 
snow will remain above the pipes just as long as in any other part 
of the street.. In covering boilers with the sawdust compound 
they put on an inch of felt besides the sawdust, and in Mr. Isher- 
wood's experiments the felt was found to be sufficient without the 
sawdust. 

The President — We put this felt on because we wanted to save 
the additional five per cent. We have a large number of boilers 
which have never had felt put on them at all. Mr. Holloway will 
bear me witness that he saw a number of such boilers there, and we 
do not find practically any difference. But we did find, when we 
had boilers set in masonry, that our consumption of coal in the 
winter would go up from thirty-three to fifty per cent, over the 
summer consumption, showing what the advantages of protection 
amount to. 

Mr, Woodbury. — In way of replying to certain matters which 
have been introduced, I would say, first, that if the condensation 
method had been attempted on long steam pipes, simultaneous ca- 
lorimetric measures would have been required at either end of the 
pipe, because tJie steam would in all probability not be saturated 
and in exact conformity to the steam tables, but would be either 
superheated or wet, and therefore the water condensed in the pipes 
would not truly represent the aiffount of heat lost by radiation, 
except when the results were computed in connection with obser- 
vations upon the thermal value of the steam fed into the pipe. 

The question of size and length of pipe received due considera- 
tion before this series of experiments were begun. With the 
apparatus at Professor Ordway's command, I have not the least 
doubt that his measurements would have been made correctly and 
precisely even on smaller lengths of pipe. In regard to the effect 
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of plaster upon pipe, I would like to call your attention to the fact 
that mortar (hydrate of lime) does not corrode iron, but plaster of 
Paris (sulphate of lime) will corrode very readily in the presence of 
moisture. 

The President — The fact may be of interest that in the English 
Navy they whitewash the boilers. Formerly locomotive boilers 
were whitewashed. Where we have had leaks with this plaster of 
Paris covering, we have not found any trouble from corrosion. If 
there is a leak we cut it (the plaster) out and caulk the boiler. 

Prof. Egleston, — I would mention the fact about the bridge at 
Grenoble, which was built in the year 1626, and was destroyed by 
fire in 1837, that all the iron surrounded by mortar was found to 
be intact and just as bright when taken out as it was when the 
bridge was built. On the contrary, that which was not so sur- 
rounded, or where there was an air space, was very much rusted. 

Mr. Kent — A series of experiments might be made with a two- 
inch pipe with a stop cock. Fill the pipe with steam of known 
quality and then shut it up. Have a pressure gauge on that pipe 
and note how much time it took to go down to zero ; or, at a 
given time, open the pipe and determine by actual weight how 
much condensation there is. The idea is to take a pipe full of 
steam of known pressure and temperature and of known condition. 
Several experiments can be carried on at once. I think that you 
could have then a measure of the conductive power of various sub- 
stances by noticing how long it took the steam to get from one 
hundred pounds down to zero in a pipe filled with it and covered 
with a non-conducting material. 

Mr. Emery. — I attempted that the other day on a pipe several 
miles long. We supposed that somebody was stealing steam, and 
therefore tried the fall of pressure with steam shut off. We found 
that the variations caused by the masses of material in the pipe 
and surroundings, the temperature of which had to be changed, 
caused more difference in the pressure than the mere quantity of 
steam in the pipe. The steam weighs only, say, a fifth of a pound 
to the cubic foot, so that the quantity contained in the pipes is 
very small compared to that generated in drying out the water 
when the pressure is lowered. 

Mr. Levan. — What is the difference between work on week days 
and Sundays? Would not that make a difference? 

Mr. Emery. — The tests were made on Sunday, when the return 
water showed the amount of condensation. 
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The President. — This is a very interesting subject, and the paper 
is very valuable from the fact that it has brought out a discussion 
of valuable results. I suppose, as a matter of fact, that in ordinary 
temperatures the greatest loss that will occur without covering the 
pipes at all will not be over fifteen or twenty per cent. The loco- 
motive people run their locomotives with simply a wooden jacket. 
They will not put on any other non-conductor, because they say that 
if anything has to be done to the boilers they want to strip them 
quick. Taking the amount of boiler surface that they have, it is 
clear that they get pretty fair results. 

Mr, Kennedy, — I would like to have some of the gentlemen 
give their views on the amount of heat lost with boilers with large 
grate surface. My experience, so far as it has gone, is that tliere 
has been a very large loss there. 
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CXXXVI. 

AMERICAN MACHINERY AT INTERNATIONAL 

EXHIBITIONS. 

1 
BY THOMAS R. PICKKBING, PORTLAKD, COMN. 

That International Exhibitions have offered exceptional facilities 
for the introduction of American machinery into other countries 
is evident from the fact that many of our manufacturers prefer not 
to give statistics regarding their export trade. A large proportion 
of this business is due to the fact that their productions have 
been shown at one or more of these exhibitions — which of late 
years liave come to be considered affairs of necessity with the prin- 
cipal nations. It is sadly true that the demonstrations which have 
been made by the United States abroad have been but relative, if 
measured by the standard of what we might have done were it not 
for the apathy which Congress has always shown regarding the na- 
tion's participation in these affairs. 

I consider the great success which attended the Centennial Exhi- 
bition was due to the fact that, while it had the sanction of the 
government, it was strictly the inception of the people, planned by 
the people, and managed by the people. 

Tlie success of our exhibitors at foreign exhibitions has invariably 
been positive, substantial and remarkable, and a no less important 
benefit has accrued to the country at large, in that we have been 
taught additional self-reliance, — and, I think I may add, self-respect. 
The works entered for competition at such times are judged — not 
by their standing at home — but in comparison with similar pro- 
ducts from all parts of the world. 

The judges appointed on these occasions are experts from various 
countries, and those who have distinguished themselves at one 
great exhibition, have in many cases been selected to act in the 
same capacity at othei*s, so that some men come to each new contest 
with enlarged experience gathered at many world's fairs. 

From the exhibition at Paris in 1867, the United States exhibit- 
ors retired in honor. The machine-tool exhibits of such represent- 
ative American firms as took part received the highest commenda- 
tions from the juries and from engineering experts generally. 
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The splendid exiiibits of wood-working machines of New Eng- 
land and Western firms also redounded to the credit of the country; 
the strict mechanical simplicity of the designs of one exhibitor 
being especially commended, while the friendly criticisms on the 
ornamental scroll designs and fancy style of painting on other 
wood-working machines from this country, have been received in a 
proper spirit, and have resulted in the production of more correct 
designs, and in a much more appropriate style of painting. 

The American locomotive was especially admired by railway en- 
gineers, and the challenge made by its builders to the builders of 
locomotives in Europe was not accepted. It brought away the 
gold medal. 

I think it was in August, 1866, that Mr. Corliss, after consider- 
able hesitation, promised to send an engine to operate the machin- 
ery in the American section, at the Paris Exhibition of the follow- 
ing year. Word was immediately sent to the Commissioner Gen- 
eral for the U. S., then in Paris, who returned answer that the 
American proposition for furnishing power for the American sec- 
tion could not be accepted, as it contained a clause requiring the 
Imperial Commission to furnish the building and chimney for use 
of the boiler (which had been promised by Mr. Harrison, of Phila- 
delphia.) 

The proposition was at once renewed, offering to put up the 
necessary building and chimney. This second proposition was de- 
clared '' too late, the contract for motive power in the American 
section having been awarded to a French firm of engineers." 

Twelve days after receipt of the letter containing this informa- 
tion I interviewed the commissioner in Paris, and was told by him 
that it would be impossible to have the contract changed. I then 
waited on the American Minister, supposing he might haye influ- 
ence enough to bring about the desired result. There, however, I 
was still more disappointed when he expressed his opinion that 
*' we could live through it, and in fact he thought it would be better 
to have the \>o\veY properly furnished by a French engine than to 
have it improp€7'ly i\xvii\%\\eA by an American engine," My reply 
that " the superiority of French engineering should be shown in 
the French section and not in the American" closed our interview. 
Not yet satisfied, I visited the ofiice of the Imperial Commission, 
where regret was expressed at this state of affairs, since it was the 
especial desire of the commission that each nation should make an 
exhibit of its methods of transmission by furnishing power for its 
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own Beetion, and that the contract referred to had been given only 
after receiving from the American Commissioner a letter to the 
effect that " as he could not find an American firm of engineers in 
whom he had sufficient confidence, he would request the Imperial 
Commission to furnish power for the American Section." Now, 
mark the results. Tlie Harrison boiler was not sent, but the Corliss 
engine waa^ and it ran during the continuance of the exhibition — 
but without a belt on its wheel, and partly hidden by the French 
eugine, which was placed prominently in front of it, and which 
furnished power for the American section in such a very unsatis- 
factory manner tliat a protest was drawn up by th^ American ex- 
hibitors. 

Notwithstanding these difficulties and disadvantages, the "Ameri- 
can Engine'* attracted more attention than any other motor in the 
exhibition, and it was sold after having received the Gold Medal, 
while its French rival carried off all it deserved in a Silver 
Medal. 

The exhibition of this engine at Paris in 1867 gave such an 
impetus to the demand for this class of steam motors, that when the 
exhibition of 1878 opened, the display of engines of the Corliss 
system built in Europe was so great in those sections, that the entire 
space allotted to the United States in the Machinery Hall would 
hardly have sufficed to exhibit them to advantage. 

The engine referred to as having been exhibited in 1867, occu- 
pies to-day one of the most magnificently fitted-up engine rooms 
in Enrope. 

Heretofore English portable engines have been almost without 
competition at international exhibitions. At Melbourne, however, an 
American portable engine was exhibited, which, although very plain 
in appearance, and having little or no "finish" about it, and being 
of ordinary stock, successfully challenged competition with the best 
English portables in those essential points of design, material and 
workmanship, which are so necessary in a good portable engine. 
This engine was awarded the Gold Medal. 

While it is a fact that watches do not strictly come under the 
head of machinery, it is nevertheless also a fact that the superiority 
of the American watch (which was so fully demonstrated at Phila- 
delphia in 1876, at Paris in 1878, at Sydney in 1880, and again at 
Melbourne in 1881) is largely due to the fact that they are pro- 
duced by the successful application of the system of duplication of 
parts by special machinery which has been brought to such per- 
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fection by the American mechanical engineer. In proof that the 
superiority of watches produced by this mechanical system is ap- 
preciated abroad, I would state that the 500 gold watches, 300 
silver watches and 200 movements without cases, sent as an exhibit 
by the American Watch Co. to Paris in 1878, were, within the first 
week of the exhibition, all sold to dealers in Great Britain and on 
the Continent, and that the British Government ordered from this 
company nearly 400 watches for the use of guards and engineraen 
on the State railways of India. 

The success which American cutlery is carving for itself is also 
largely due to the employment of special machinery and therefore 
claims our notice. A sample card of some 800 specimens of pocket 
cutlery was sent to the last exhibition at Melbourne by a Connecti- 
cut firm. Some half-dozen of these knives were sent to the jury 
room, accompanied with a half-dozen ten-penny cut nails and a small 
package of fine iron chips. The chips had been cut from the nails 
by the knives. The test was repeated in presence of the jury, and 
a request made that the best English cutlery be subjected to a 
similar test. This the exhibitors of English cutlery declined to 
allow. 

Now, it must not be supposed that the British cutlery interest 
could quietly submit to have American cutlery carry off the highest 
award. A re-examination was ordered ; magnifying glasses and 
microscopes were brought into requisition. These were of English 
make, and through them it was discovered that the pearl, ivory and 
other fine moimtings on the English cutlery were better fitted to 
the metal trimmings than was the case with the American mount- 
ings. At the next exhibition the mountings will be in keeping 
with the metal, or there will be American glasses through which to 
examine them. 

Many manufacturers object to exhibiting on the ground that 
their best designs will be copied, and while this is often true, it is 
a compliment to which many foreign manufacturers would willingly 
submit. Examples of " copying" were quite numerous at Vienna 
in 1873, at Paris in 1878, as also at Melbourne in 1880-81. The 
Universal Milling Machines and other special tools exhibited by a 
Rhode Island firm at Paris in 1867, were purchased by continental 
tool makers for this purpose, and reproductions were shown at the 
later exhibitions in the British, the German and the French sec- 
tions. 

A very interesting case of copying occurred at Paiis in 1878 
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where Brown & Sharpe had their usual exhibit of fine machine 
tools, duplicates of which were shown by a, prominent firm in the 
British section. Now, most of you are aware that Brown & Sharpe 
do not make the little Universal Chuck which thev furnish with 
their milling machine. If you look on the face of this chuck you 
may see plainly stamped on it, " E. Horton & Son, Windsor Locks, 
Conn." The chuck on the English milling machine hare the aams 
impresfdon. 

When the awards were published the English firm made protest 
that " whereas the small exhibit of Brown & Sharpe in the Ameri- 
can section had been awarded a gold medal, their more extensive 
exhibit of equally fine tools was to receive but a silver medal." 
The reply of the chairman of the jury was conclusive : " We cannot 
give the same award to copies that we do to originals." 

Another interesting case occurred near the close of the same 
exhibition. A young man requested that the Surface Grinding 
Machine, shown by Brown & Sharpe, should be taken apart that 
he might make drawings of those internal details which could not 
otherwise be seen and measured. He stated that he had been sent 
by one of the departments of the Government to get drawings of 
that machine, and had completed an external view, and did not 
doubt that I would find pleasure in affording him facilities for com- 
pleting the drawing " as it was for the Government." I told him 
as politely as I could that if it was for the Government I would 
afford him every facility possible, asking him at the same time how 
nearly he had completed his drawing. He at once handed me his 
sketch, which I examined, saying to him that I would keep it very 
carefully until he brought me the request from the department of 
the Government which desired the drawing, when the machine 
should be taken apart for him and his sketch returned. 

I felt fully justified in this course, because, first, the French Gov- 
ernment Commission had promised that no photographing or draw- 
ing should be allowed except by permission of exhibitors. Sec- 
ondly, that if the French Government wanted such a machine it 
would be much better for it to have an " original " than a " copy " 
or drawing. As the young man has not yet called for his sketch I 
feel at liberty to show it to the Society (Mr. Pickering exhibited 
the paper), and I would also state that before I left Paris the French 
Government had bought and paid for that machine. 

Next to the apathy which Congress has always shown regarding 
our representation at foreign exhibitions, the most discouraging 
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feature has been the indifference with which this country's exhibit 
has been viewed by a class of A^mericans, who, by residence abroad^ 
had lost not only mnch of their self-respect — but what is much 
worse — ^had lost what little respect they ever had for anything 
American. For this disease, I have so far found but one name ; 
I call it Toadyism, Two remedies, however, have, in a measure, 
proved efficacious ; one, the exhibition of American machinery at 
foreign exhibitions, and, the other, the discovery that to true 
nobility toadyism is very distasteful. 

This disrespect for American productions, as shown by our Com- 
missioner at Paris, in 1867, was the result of a long residence abroad, 
and that shown by the American minister on the same occasion 
could only be attributed to the disease mentioned. Another sad 
case of this occurred at Vienna, in 1873, where, during the Com- 
mission troubles, the engineer of our machine section applied to 
the American minister for advice, which he declined; and the 'latter 
seemed to be imbued with the idea that it was beneath his dignity 
to visit our department. The trouble here proved to be contafi;ious. 
An intimate friend of the minister referred to, who had beeil sent 
out as Commissioner by the State of Massachusetts, reported that 
" the entire American exhibit — including that of machinery * * * 
would reflect no credit whatever on a Worcester County fair." 

Now, when this minister came to see by the public prints that 
the Emperor of Austria had remarked — after visiting the entire 
machinery department of the Exhibition — that America stood 
unrivalled in her exhibit of new a/nd practicable inventions— Rnd 
when he heard that the Grand Duke Constantino of Kussia had 
spent nearly two hours in our section, and that more than $20,000 
worth of our machinery was going to St. Petersburgh ; and when . 
he heard of the visit of that most acute observer. Prince Bismarck, 
who, on entering our section, said he could remain but ten minutes, 
but who, at the end of forty-five minutes, expressed sincere regrets • 
that he could not remain the balance of the da}-, finding, as he did, 
so much more of interest than he thought could possibly be con- 
tained in so limited a space; then, but not till then, was it con- 
sidered to be the proper thing for a certain few Americans in 
Vienna to visit our department of machinery. 

When it came to the publication of awards it was found that our 
exhibits carried off a larger proportionate number than those of * 
any other nation. 

That these lessons have resulted in much good there can be no 
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doubt. The minister, who, in 1867, thought it would be better to 
have the motive power for the American section properly furnished 
by French engines, than to have it improperly furnished by Ameri- 
can engines, was replaced before the close of that exhibition by 
a more truly representative man; and the minister who, in 1873, 
could not recognize the value of American productions until their 
superiority was publicly pronounced by foreign princes and 
potentates, was also soon after allowed to retire to private life; 
and I claim that the present policy of our Government in selecting 
for its ministers abroad, truly representative men irrespective of 
their political influence, has been very largely due to the results 
which have accrued from fair representations abroad of American 
productions, the most successful of which has been our machin- 
ery. 

That I am not unduly proud of the enviable distinction which 
has been accorded to American machinery at the five International 
Exhibitions at which I have " assisted," I will offer additional 
evidence to that already given. 

Professor Keuleaux, of Berlin, in his report to the German 
Government, referring to the machinery at Vienna, says that 
" Upon the field of inventions and inventive genius, there were 
but few highly remarkable achievements present, and among 
these America held the highest rank. Her machine exhibition 
bore almost exclusively the character of originality, * * * and it 
contained examples of the highest order of constructive ability and 
perfect workmanship. 

** Newly-devised motors, forming part of complete machines and 
models of distinct parts, exhibited as novelties or inventions, were 
numerous. In the first direction, one firm of America has accom- 
plished the most. The constructions of this firm — some of which 
have very rapidly made their way through Germany — bear, in 
regard to invention, the peculiar, unique stamp of American 
genius. They are distinguished from us by more direct and rapid 
conception. The American aims straightway for the needed con- 
struction, using the means that appear to him the siniplest and 
most efiective, whether 7i€w or M^ while our historically heaped-up 
material and the cautious character of the German, are so insepar- 
ably interwoven, that among the number of known moans, we 
often forget to ask whether they are the simplest, or whether new 
ones might not he better. The American really constructs in 
accordance with the severest theoretical abstractions, observing on 



120 AMERICAN MAGHINEBT AT INTEBNATIONAL EXHIBITIONS. 

the one side a distinctly marked-out aim, weighing, on tlie other, the 
already available means or creating new ones, and then proceeding, 
regardless of precedents, as straight as possible for the object. 
This spirit is manifest in lathes, shafting and bearings, in planing 
machines, with diagonal screw-shaft, in screw cutting machines, 
and it is strikingly prominent in that system of screw-threads 
which has boldly been placed alongside of the old venerated Whit- 
worth system, in spite of the terror of its numerous adherents, after 
actual deiiciencies have been discovered. A proper valuation of 
this proceeding contains the most instructive hints for our higher 
technical institutions." 

So much for German evidence. The following is from a 
French authority. " The Chronique de PExposition, July 2, 
1873, but referring to an American machine exhibit of 1867, 
says: 

" The complete and varied exhibit of American machines at 
Paris in 1867 commanded naturally the attention of all the earnest 
visitors, and one could say, without fear of being charged with ex- 
aggeration, that the most competent men to judge about the merit 
of new mechanical inventions have found more matter for study, 
more original construction, and more real novelties in this Ameri- 
can machine group, than in all the groups of similar machines in 
the entire Exposition." Even that most reluctant of all witnesses 
(a certain class of Americans already referred to excepted), the Lon- 
don I'imeSy said, referring to our exhibit in 1878, that " The pre- 
eminence of the mechanical genius of the citizens of the States 
may be admitted, and it is illustrated, not for the first time, in the 
exhibition at Paris, and it may almost certainly be predicted of any 
modem mechanical congress that the Americans will carry off the 
palm for novel and ingenious application of force to practical pur- 
poses." 

That this evidence, as given by Prof. Reuleaux and other wit- 
nesses, was considered trustworthy is shown by the wording of the 
recommendation of the group jury, which was endorsed by the 
council of Presidents, giving to tiie representative American firm 
the Diploma of Honor ^^ For jpre-eininent achievement in the inven- 
tii/ii and conMruction of machine tooh^ many of which have been 
adopted asj>atterns by the constructors of tools in all countries. 

As the value of a gift rises in our estimation by reason of the 
eminent qualifications of the donor, and his honor and uprightness 
as a man, so the value of this award is enhanced by the knowledge 
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that it was worded by a man whom mechanical engineers the world 
over delight to honor — Dr. John Anderson. 

There can be no question that the common intelligence, which is 
the result of a thorough and general education, together with the 
efficiency and moderate cost of patent right protection in the 
United States, should have a great share of the credit of this " pre- 
eminence of American mechanical genius." The action of our 
Patent laws is so secure and equitable that the investment in brain 
labor is a sate one. 

Let us cherish and appreciate these advantages, and while we 
take the lesson to ourselves, let us show to the world at large that, 
in the wise economy of nations, ideas are better than blows, and 
brains are better than blood ; and that while we believe in what 
we consider judicious protection for our manufacturers, we also be- 
lieve in free trade in genius. 

DISCUSSION. 

ThePrefddent — I am sure, gentlemen, we have all been very 
much interested in Mr. Pickering's paper; it is a paper perhaps 
that it would be difficult to discuss. I would like, however, to re- 
late a little artecdote which bears on this matter and which was 
recently told me by Mr. Corliss. You will remember that at the 
Centennial there was a very handsome pair of horizontal Corliss 
engines built by a Belgium linn. I remember them especially 
because of a criticism made by Mr, Porter. The cranks had very 
thick hubs, and there was about two inches of collar between the 
hub and the bearing. Mr. Vanderkerchove, on viewing Mr. Cor- 
liss' engine, made an arrangement by which ^Mr. Corliss was to 
furnish iiim with plans of Corliss engines as built by himself and 
also to furnish plans of all subsequent improvements that he might 
make. Consequently it was Mr. Corliss' practice to send him 
drawings of everything new that was brought out in his own estab- 
lishment. Mr. Vanderkerchove was employed by one of the large 
manufacturei*s of l^elgium to construct an engine which is in all 
respects similar to a single one of the Centennial engines. This 
engine on being started gave such admirable results that the atten- 
tion of the King of Belgium was brought to it, and he a])pointed a 
committee to investigate the matter and report upon it, which they 
did. The result was that the king knighted the nuinufacturer who 
bought the engine and Mr. Vanderkerchove who built it, with tliQ 
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statement that this dignity was conferred because of his introduc- 
tion into Belgium of the invention of " one Corliss, an American." 
(Applause.) 

Mr, Holloway, — I want to say in regard to this paper of Mr. Pick- 
ering's, although it applies more especially to international exhibi- 
tions, I am pleased to say that on a recent hasty visit I paid to 
Louisville, where the Southern Exposition is being held, which by 
the way is a very fine one, I noticed that the suggestion he makes 
of having the engines in motion is carried out very fully. There can 
be seen there some of the best engines of some half a dozen makers 
all driving machinery. The exhibition, as/a whole, is a very fine 
one indeed. 

Mr. Strong. — I was in Vienna the year following the exhibition 
and I met an engineer who was one of the commissioners at that 
exhibition, and he remarked on the extreme ingenuity displayed in 
the design and in the carrying out of the mechanical ideas in all 
the American machines he had seen, or the greater portion of them. 
Another remark he made was in regard to the difference between 
American mechanics — that is, laboring mechanics — and their me- 
chanics. He wanted to know why it was that American mechanics 
in doing their work used their heads as well as their hands. He 
said an exhibit was made there of a barrel-making machine, and 
the man in charge of the work was a one-armed man. " Now," he 
said, "that one-armed man would do more work than any four 
mechanics I could pick up here." 

Mr. Charles E. Emery. — Mr. Holloway's remarks remind me of 
the method adopted at the first fair of the American Institute in 
1868. I was the General Superintendent at that time, but ray 
attention was turned particularly to the machinery. The arrange- 
ment made there fulfilled, I think, the conditions suggested by the 
writer of the paper. All the engines were belted to pulleys on the 
main shaft, and there was a clutch provided for each of the pulleys. 
Only one clutch was engaged at one time, though the other engines 
ran their pulleys as usual. A card was hung over the particular 
engine which was doing the work, and the load was changed daily 
from one engine to the other. The system worked very well there. 
The reminiscences of exhibitions given by our friend Mr. Pick- 
ering are very interesting and instructive. There are a num- 
ber of special features which could be added that might not be 
pertinent here. The little bickerings that occur at all exhibitions 
are interesting as showing the competition between one country 
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and another, and even between one exhibitor and another, and 
accounts of the amusing and instructive incidents would, in them- 
selves, make a large book. 

Dr, Grimshaw, — I remember calh'ng attention to several cases 
of very flat piracy during the Paris Exposition in 1878. In one case 
there were two agricultural machines, one from Canada and one 
from Sweden, both of which liad the same pattern marks on the 
castings as the American machines with wliich they were in com- 
petition. Later on, my attention was called by an exhibitor to 
some locks which were exhibited by an Austrian firm in the Aus- 
trian Department, in competition with that exhibitor's American 
locks. A careful inspection revealed beneath the enamel — the very 
sheet marks of the American Arm — the paint marks on the iron 
sheets. In other words, they were American locks, exhibited in 
competition with our own locks. I will speak of another case in 
which a piece of wood-working machinery from Cincinnati was 
purchased by a Manchester firm, almost with the avowed purpose 
of copying it. It was copied part for part. It is known that 
American castings are not usually much heavier than the law allows. 
The fact is, complaint is sometimes made that we do not put quite 
enough metal in. This wood-working machine, which was copied 
square inch for square inch of section, went to pieces in about three 
montlis' use. They had not calculated for the difference in the 
quality of the iron on the other side, and on the inexperience of the 
hands on the other side in making tough light castings. It was an 
awful warning which may be of use in the future. 

Mr, Hohhs, — I happened to be at the exposition in London, in 
1851. TVhitworth & Company had some very nice shaping ma- 
chines there and some very nice planing machines, and I have seen 
the very same patterns made by Mr. Sellers in Philadelphia. Mr. 
Sellers began by copying some very nice machines, and he has made 
better machines since. So I think that Mr. Sellers and Mr. Whit- 
worth are about even in that particular. As to locks — I don't 
know much about locks; but I will tell a story, too. I went to the 
exhibition in 1851. I went out in an American ship. I had a 
little box with me which was full of various instruments, all 
honest, but they looked like burglar's tools, and when 1 landed at 
Southampton the Custom House people did not want to pass 
it. I went to the American Consul and told him what it was 
and he got me through. When I got through, I told the Con- 
sul what I intended doing, but I said, " Do not say anything 



124 AMEBIOAN MACHINEBT AT INTERNATIONAL KXHIBmORB. 

about it." Said he, "Are you an American ? " I replied that I 
was. He said, " I never met an American of that kind before ; 
they always talk to us and want us to tell everybody what they 
say. He said, *' For goodness sake, do something to help ns up at 
the exhibition. The Americans have about one-eighth of the 
building in London to exhibit in ; there are about three barrels of 
shoe-pegs and a bundle of brooms. It is a total failure. Do some- 
thing, if you can, to help us out." I then went to London and 
saw Mr. Lawrence, who was our minister at that time. I told him 
the story. He put his arms around me and said, "If you can help 
us out, do it." After leaving him, in walking through Piccadilly, 
I saw in a window a lock hung up, with a sign upon it reading, 
" The artist who will produce an instrument which will pick this 
lock shall receive two hundred guineas reward." I knew of tliat 
before I left New York, and I made a bet of a basket of champagne 
with some friends that I would get that money. I went to the ex- 
hibition and looked at the locks, and thought I knew just how that 
lock was made. I went in to Bramah's store one day, and I asked 
the man if that was a lock in the window. He said, " Of course it 
is." I siiid, " I would like to look at it." He threw it down on 
the counter. It was a large padlock. It looked very nice. I had 
been told that it was bogus. I took my pen-knife out and was 
feeling the little slides. He said, " What are you doing there, sir?" 
I said, " I was feeling the thing to see if it would move." He said, 
" You must not do that, it will injure the lock." I told him I did 
not think it would, but that I would not do it again. I said, '*Do 
you really offer two hundred guineas to anybody who will open 
that lock?" He said, "Certainly; are you a h)ck-maker?" I said, 
" No." " What do you know about it, then," he asked. " Not 
much," I replied, " but I am a little curious and would like to try 
it." A gentleman standing near who looked rather troubled came 
up and said, "Are you a lock-maker?" I said, "No, sir," He said, 
" Do you think you could open that lock ? " I said, " I do not 
know, but I am going to try." I then turned to the man and said, 
" You have hung that lock in the window with a challenge, and it 
is understood that you offer two hundred guineas reward to any- 
body who will pick that lock. Now, you don't mean it ; it is bogus. 
You may either take that lock out of the window and withdraw 
your challenge, or else you shall have it fairly decided. If you do 
not consent to this I will publish you in every paper in the king- 
dom. I mean business, and I will either fail or you shall take it 
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out of the window." He said, " I am not the right man. If you 
come to-morrow perhaps you can hear more about it." It happened 
tlie very next morning that the London Times had an article de- 
scribing a case of Hope's jewels — Hope, the banker. He had 
some thonsands of pounds worth of jewels in the case. " Tlie 
case," tjie paper said, " is locked with one of the Bramah locks, 
and we understand that a gentleman picks up the gauntlet and 
offers to open both Chubb's and Bramali's. I went up the next 
morning and saw the gentleman. I said, ''I am glad to see you 
mean to come out fairly and have written a letter and offered a re- 
ward and I am going to give you a trial, and I think the best way 
to do it is to appoint arbitrators. You appoint one, I another, and 
they shall appoint a third. Professor Cowper and Mr. George 
Rennie were appointed by Mr. Bramah, and I appointed Doctor 
Black. Professor (Dowper said to me, " This is not right, you have 
chosen only one." I said, " You are the very man I wanted ; if 
Bramah has chosen you, I will choose you too." They made the 
arrangement that the lock should be secured to a door, so as to 
have it connected with the door. I told them that when we had 
locks tested in America we gave them thirty days. The party 
attempting to open the lock could do anything he pleased in that 
time, but he must leave the lock in perfect condition when through, 
and that the owners might use the key in the meantime if they 
wanted to ; so it was agreed that I should have thirty days. I had 
got to tiikc my measures, make all the instruments myself and do the 
work, and the chances are always against the operator. I went to 
work at the lock. The first day I took the dimensions of the key- 
hole and what slides were in. I then made an instrument which I 
thought was right, and on the third day I wont to operate on the lock ; 
I found in the key-hole, which was three-eighths of an inch in di- 
ameter, a pin, one-eighth in diameter, leavingan eighth on the outside. 
There were eighteen slides. There was a disk under those slides that 
drew them up and that disk was pressed in by the end of the key as 
the slides went in at different points. When I put the pressure on 
tliat spring I could not move the disk and I did not know but that 
it was blocked up ; but by feeling around I found I could get a 
pressure on it. I then made an instrument by which I could put 
a pressure of fourteen pounds on that disk, and then I had to have 
the fork or prong so that it would pass in one-eighth of an inch 
diameter. 1 made the instrument and fitted it with a thumb-screw 
and went to work ; in about five hours I had got the slides all 
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adjusted and I commenced to turn the cylinder around. This little 
thumb-screwj in working the cylinder backward and forward, had 
worked up so that when I turned the cylinder around about a 
quarter of the way it stuck. Everything I had done was lost 
Then the difficulty was to find how I should get the pressure. 
The key had a nib oii it which put the pressure on the cylinder and 
you could turn it around, and when you got it partly turned round 
that part of the key-hole was covered up. I thought the matter 
over and 1 decided to drill a hole in where this key-hole was, so 
that I could put a pin in and get my pressure. I did so, and in 
about four minutes, when I got the pressure on, I got the slides 
right again. I then threw it back to the original position. I got 
a drill made of the right size and a bit of brass wire to tap into its 
hole. I twisted the lock back again and got to that hole. I re- 
drilled the hole, tapped it, screwed in the brass wire and marked 
where it was to come. I broke the pin off in the hole and worked 
with the end of a lile and got it smooth. I then put a little sul- 
phuric acid on and made it look old I thereby covered up what I 
had done to get my pressure on the cylinder. I went the next day 
and opened the lock. I unlocked the lock and locked it again, and 
left it covered up. But it seems, all this time, there was a window 
a short distance from where I was working, and some fellows with 
a telescope were observing mc, and they reported when I got it 
open. The next day I sent f#r the arbitrators. They came tliere- 
and saw the lock open. I locked it with my instruments and took 
my instruments out. Professor Cowper tried to unlock it with the 
key, but he could not do it. I said, '* Proft'ssor, you do not work that 
right. Now, yuu take that key and press it in as hard as you can 
before you turn it." The professor did as I said and the lock opened. 
Wo had a meeting a day or two after, and Mr. Pramah declined pay- 
ing the two hundjed guineas for the reason that I had not complied 
with the challenge — which read, the artist should produce " an ifi^ 
strumenV^ Mr. llobbs had produced instinimeiits. Dr. Black and 
Professor Cowper decided it was rather a dirty piece of busineeB, 
and decided that he was to give me the two hundred guineas. 
That finished the Bramah lock. 

Before I picked the Bramah lock, I had a letter from Mr. Will- 
iam Brown, the head of the firm of Brown, Shipley & Company, 
of Liverpool, to come and see him at the St. James Hotel ; and he 
talked with me about everything but locks for a long while. 
Finally he said, " Mr. Hobbs, I wanted to see you ; 1 have invented 
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a lock and I wanted to show it to you, but I cannot do so for it is 
in Liverpool, but I think I can describe it. He commenced his 
description. I understood perfectly everything he said, and I 
understood just exactly what kind of a lock he had. He had six 
dials on the door and a little pointer in each that was turned around 
to different letters, whatever they might be, to open the lock. I 
said, " Mr. Brown, your lock looks very much to me like a letter pad- 
lock flattened out, and if that is the case it can be easily opened." 
** Oh," said he, " you do not understand me." He then went over 
the explanation again, and I understood him as well as I did be 
fore. I knew that Mr. Brown had made a lock and that it was of 
no interest for me to tell him that it could be picked, and I thought 
if he likes his lock I am satisfied and I will say very little more 
about it. He invited me to see him at Liverpool to show me his 
lock. About two months after, I received a pamphlet with the pro- 
ceedings of the Archaeological Society, and among other papers 
given in it was one by Mr. Brown on ancient and modern locks. 
He said that while in London he had invited Mr. Hobbs to come 
and see him, and he explained his lock to Mr. Hobbs ; that after 
the first explanation he asked Mr. Hobbs if he thought he could 
open it, and he said he could easily; but after a more thorough ex- 
planation, when he understood it better, he rather drew back ; and 
Mr. Brown was perfectly satisfied, from the evasive way in which 
he answered him, that he could not open the lock. I thought it 
was about time for me to go to Liverpool. I called at the banking 
house and saw Mr. Brown. He said, "Mr, Hobbs, you are just 
the man I want to see ; I will show you the lock." He led the way* 
into the strong room. *' Now," he says, " how do you suppose 
such a lock as that can be opened ?" I said, " 1 don't know that it 
can be." He had a handle that threw the bolt after adjusting these 
combinations. I said, " You do not think anything of this i " He 
said, '' No, we leave that on the safe every night." " Now," I said, 
" if I was to try to pick that lock 1 should do it so." The inner 
dials had one notcli in each to let what we call the stump of the 
bolt pass in and they also had a series of false notches. Now, on 
the first turning of those I might bring them around to the false 
notch. Now, as long as I found the pointer on the dial free I went 
to another. lie said, '' That is not right." I said,"! know it 
isn't right, I don't want to pick the lock ; I am only showing what 
I should do if I were going to try." The cashier called him at this 
point and said, " Mr. Brown, there is a gentleman wishing to speak 
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to you," and just as he turned hiB back the bolt went back. I said, 
" Mr. Brown, please don't leave me here with your door open." 
He said, " Why, how did you do it ? " I said, " I don't know, I 
think it is a mistake ; lock it again." He locked it again, and I 
opened it again. Mr. Brown was dubbed " William Brown, 
Esquire, M.P., lock-maker to her Majesty." 

While at the Exhibition in London many gentlemen uaed to 
come around where I was — many whom I liked very much — but 
there was one man who came almost every day. One morning he 
said, "Mr. Hobbs, have you seen the French locks?" I said, "I 
have not." He said, " Tliey are very curious, indeed — very clever." 
I said, " I will go and see them sometime, but as I do not speak 
French I do not suppose that I shall be able to get any informa- 
tion." He said, *' I speak French ; I will go with you." We 
went. The French had a very line display of locks, but what at- 
tracted my companion's attention was one of those letter padlocks. 
It had twelve rings and a whole alphabet on each ring. My friend 
said, " Is not that a good lock ? " I said, " Yes." He said, « Will 
you open it?' I said, *' I will." I raised the cloth on tlie bench 
and cut off a bit of wood for a wedge, and while the exhibitor was 
absent for a few moments, I unlocked the lock, took off the two 
outer rings, changed tlie combination and locked it again. When 
the exhibitor returned I said, pointing to this lock, *' What is that f" 
He said, "A lock." I said, >' Where is the key-hole?" He said, 
"Ze no key-hole." "I said, '' How do you lock it?" He said, 
" Ze letters, ze letters." I said, " Let me see you do it." He tried 
to unlock it and couldn't do it. He went to the drawer and took 
out a memorandum book, thinking he had lost the combination. I 
said, *^ Where is the key?" He said, " Damme, ze no key I" I 
went away and left hiui. My companion told him who I was and 
what I had done, and the poor fellow was in great trouble ; people 
used continually to make fun of him. I went back in the after- 
noon to see him and asked if he had got his lock open yet. He 
said, *^ Sacre ! — damn Yankee !" I said, " Never mind," and I un- 
locked the lock for him. 

Dr. GHiriJ^haw, — There are a few minutes left and I think it 
would be well to call on Mr. Pickering to give a little of his ex- 
perience about the tricks of exhibitors, and some of us would like 
to hear something about Mr. Pickering's own tricks in getting that 
Pullman car in. 

Mr. Pickering. — Many of you know that at the last exhibition 
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at Melbonrne a large proportion of the goods were sent by a sliip 
sailing from Xew York. That ship made one of the quickest trips 
on record until she got within one hundred miles of Melbourne. 
Then by a miscalculation of distance she struck on a reef and went 
to pieces. Sixty of the Americcin exliibits were on that vessel, 
and yet there were just as many exliibits in the American Depart- 
ment as if that vessel had not gone down. The way it was done 
was this: First of all I got on the committee of jurors. Then 
we had embodied in the regulations that, in order to obtain an 
award or to be examined for an award, every article must be ex- 
hibited in the department of the country in which it was produced. 
All that I had to do was to go through the other departments of 
the exhibition and transfer the American exhibits to our own de- 
partment and we had our full quota of exhibits. 

In response to numerous calls for " another story," Mr. Ilobbs 
said: 

Before I went to England for the Exposition of 1851, I used to 
sell locks. I was at Lancaster, Pa. I had been putting a lock on 
a bank and the cashier came to me in the morning and said, " Mr. 
Ilobbs, have you seen that?" It was a conmiunication in a New 
York paper from a man by the name of Woodbridge offering S300 
to anybody who would open his lock. I said to the cashier, '^ That 
is my money." 1 came to New York at once. This lock was in 
the Merchant's Exchange Reading Koom and this notice was stuck 
up on the safe. I saw Mr. Woodbridge. I said, ^' You had better 
have a committee appointed about this." A committee was ap- 
pointed composed of Maltby AVeed, AVorrell, the iron founder, and 
Hammond, the watch maker. After everything was ready, I said 
to Mr. Woodbridge, " You are a younger man than I am ; besides, 
the money in there doesn't belong to you ; it belongs to your father 
(his father was a minister in New Jersey, I think); if you leave 
that money there I shall take it." He said, "I know just what 
you are going to do ; you go ahead." I said, ''All right." I got 
permission from the janitor of the Exchange to have the room at 
night. The safe was too low for me to work on. I went down to 
the carpenter shop and got some jueces of plank and I went to 
work raising that sjife. There were two men standing near and 
one sjiid, " I bet you a thousiind dollars he opens that lock." 
''Why r' says the other. "Don't you see the way he is raising 
that Siife," was the reply. By the way, tliere was an arrangement 

in the lock of such a character that if I tried to draw the bolt back 
9 
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and did not do so, wlmtever I nsed would be caught in the key- 
hole. Mr. Woodbridge thought I didn- 1 know that. I commenced 
on the lock at half-past nine and at twenty minutes past eleven that 
night I was at a saloon on Broadway having an oyster stew, but I 
had everything right. I had left a piece of crooked wire in the 
key-hole. I got a man and told him to stay there. " Don't you 
touch that- wire and don't let any one touch it," I said to him. The 
next morning I saw Mr. Woodbridge and told him there was some- 
thing the matter with his lock and that I wanted to sec him there 
at ten o'clock. I notified the arbitrators also. Some wanted to bet 
that I had opened, and some that I had not opened, the lock. By 
and by Mr. Woodbridge came in and said, " What's the trouble 
with the lock ? What ails it ? " I said, " It will not keep your door 
shut," and I pulled the door open. I took the $500 check and dis- 
appeared very quickly to draw the money. 
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CSSXVII. 
A POWER CRANE. 



"While acting as engineer for tlie Milwankee Iron Company, 
in the year 1867, the author of this paper designed and had con- 
structed for the maehino shop of that company the power crane to 
the description of wiiich he now asks attention. The location of 
the crane in the shop was near one of its sides and between the head- 
stocks of two large lathes for turning heavy rolls. The duty re- 
quired of it was to lift the work done in those lathes in and out of 
the same, and also to handle other heavy eastings as occasion re- 
quired. 

As will be seen from the elevations, Figs. 32 and 32a, there is 
notliiiig peculiar in the general character of the framing of Ellis 
crate, but the mass of drums, gears, sliafts, cranks, etc., and their 
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supporting castings, usually found at the intersection of post and 
tirace of Iiand-workcd cranes, are here conspicuously absent. 

The crane post is made of two timbers, 6"x li" in cross-section, 
placed parallel with each other, sixteen inches apart. These timbers 
are securely bolted to castings at their top and bottom, wliicli we 
ehall call respectively the head and foot of tlie crane; they are shown 
in detail in Figs. 33, 3i, 35, and 30. The crane arm consists of two 
timbers, 8"x 15" in section, for the distance from tlie oi-ane poet to 
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the outside of the brace, and from thence they are reduced in depth 
by a gradual curving of their lower edges until at their ends they 
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Fig. 35. 



Fig. 86. 



are 8"xl0". These timbers are bolted to the crane post and also to 
angle-plate projections from the crane head, designed for the pur- 
pose of securely uniting the crane arm with the post. Each timber 
of which the crane arm is composed is supported near its middle 
by a brace, 6"xl2" in section. This brace has a bearing in a shoe, 
projecting from the foot of the crane, and is also bolted to the crane 
post, its up]»er end being received by a socket casting which is 
bolted to the brace and also to the crane arm. This caBting is 
shown in detail by Fig. 87. 

On the top of each of the timbers composing the crane arm is 
placed a rail, and on these rails, supported by four small flanged 

wheels, runs the top car- 
riage. This carriage is 
made to traverse the 
available length of the 
arm, in either direction, by 
appropriately manenvering 
the endless rope which acts 
upon the "bull wheel," 
seen near the crane post in 
Figs. 32, 32a, and 38. This 
bull wheel has a worm 
upon its shaft, which acts 
upon a worm-wheel, on 
whose shaft, between the timbers of the crane arm (Fig. 38) is a 
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grooved drum, around which paeees a couple of tnms of an endless 
wire ro|ie, |" in diameter. Tliis rope also paEsca around tlie 
grooved pnlley at the end of the oranrf arai, and is attaclied to the 
carriage before named. This combination of mcclianism for mov- 
ing tlie top carriage is believed to have an advantage over the spur 
gear, and rack and pinion movements in common use for moving 
the top carnages of cranes, in that the carriage is not liable to ac- 
cidental movement by any diagonal strain which it may be sub- 
jected to l)efore the weight is fairly lifted ; and also from the tact 
that the man who moves tlie carriage stands with his face to tlie 
Bus])cnded load and can readily note the progress of ita movement, 
The foot of the crane is supported on a conical step which is cast 
in tlic bottom of a cnp (Fig. 35), which is kept full of oil, tlius 
injuring the constant lubrication of the step. 

The pivot on the crane head turns in a bearing in the lower 
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jiart of a hollow casting, whose details are shown in Figs. 39, 40 
and 41 ; this casting is bolted to one of the heavy floor Iwanis 
which support the second tioor of the bnilding, and is further 
secured by a brace, which, entering a socket on the side of the 
casting, extends horizontally under the floor to the adjoining l>cam. 
In the sides of the alwvo-named casting arc two holes, six inches 
in diameter, through which access is had for the piiq>ose of observ- 
ing and oiling the machinery within. 

Attached to this hollow casting, underneath and at right angles 
with the floor timber to which it is bolted, is ft long bearing for a 
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IJ" shaft (Figs. 39, 41 and 42), on the onter end of which are 
placed two loose pulleys (Fig. 32a), 12" in diameter and 4J" face, 
between which is located a friction clutch, made to gear with 
either or neither of them by an inclined lever (Figs. 32 and 82a). 
These pulleys are constantly driven at 240 revolutions per minute 
by two 4" belts, one of which is crossed, thus causing the pulleys 
to turn in opposite directions. When the friction chitcli is 
ill gear with the pulley driven by the crossed belt, the crane hoists 
its load; when in gear with the other pulley the load is lowered, 
and when the clutch occupies a position midway between the two 
pulleys the load remains stationary. 

The mechanism by which the rotation of the above-named shaft 

is made to raise, lower or sustain the 
I load on the crane is of the following 

character. On the shaft just named 
within the hollow casting with which 
it is associated is a beveled bronze 
pinion of fifteen teeth, which gears 
with a cast-iron bevel wheel of forty- 
five teeth, the lower end of whose hub 
is keyed fast to the upper end of a ver- 
tical shaft which turns in a bearing 
formed in and concentric with the 
pivot on the crane head. The npper 
end of the hub of the cast-iron gear is 
bored out somewhat smaller than the 
lower and forms an oil-tight socket in 
which enters the lower cylindrical, 
end of an abutment spindle, whose convex extremity rests upon a 
hardened lenticular steel disk, which bears upon the upper convex 
end of the shaft to which the bevel gear is keyed. Above the 
socket, in the hub of the gear wheel, the abutment spindle is en- 
larged, and on this portion is cut a square-threaded screw which 
passes through a corresponding nut formed in the centre of a dia- 
metrical rib, so fitted and secured by bolts in the hollow casting that 
the axis of the abutment spindle passing through it coincides with 
the prolongation of the axis of the shaft to which the cast-iron 
bevel gear is keyed. The above-named rib, through the interven- 
tion of the abutment spindle, is subjected to a strain equal to the 
weight being lifted by the crane. The relations of the several 
parts of the foregoing mechanism are clearly shown by Fig. 42, 
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wlitcli IS a vertical aection made by a plane coTitaining the axis of 
the driviiiv Bhaft and that of the vertical shaft before named. The 
diameter of the vertical shaft where it passet; tiirongli the pivot of 




the crane Iiead is three tnchoB, hut helow the crane liead its diam> 
eter becomes 3| inches, and bo contiiiiiea until near its lower bear- 
ing in the centre of the crane's foot ; there it is reduced to the 
former size. This upright shaft occupies a position midway between 
the timbers composing the post of the. crane and on the entire 
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leiigtli of its largest diameter is cat a square-threaded screw of i 
inch pitch, to which is adapted a bronze nut, attached to and be- 
neath whicli is a wrought iron cross head (Fig. 32a) whose cylindri- 
cal ends enter holes in the middle of slide blocks which are titled to 
planed c;i6t iron guide grooves bolted to the inside of each timber 
of the crane post. Midway between the slide blocks and the bronze 
nut before named arc two grooved chain sheaves which tnm upon 
the cross head. 

Attached to pins which pass vertically through the two holes 
seen in Figs. 3S, 43, 44 and 45, in the arm end casting, are two 
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J-inch chains. These pass over the nearest pair of sheaves in the top 
carriage; descending thence, they pass under a pair of sheavee in 
the hook block (Fig. 321), and then, ascending, are carried over the 
second pair of sheaves in the top carriage, whence they are carried 
to and over the two sheaves shown in Figs. 32a and 38 near the 
crane post ; then, descending, they pass under the two sheaves which 
turn upon the cross head, and are finally carried up and secured to 
the ends of an equalizing lever which has for its fulcrum the hori- 
zontal pin shown at the left hand of the sections of the crane head 
in Figs, 32(1 and 42. The function of this lever is to compensate 
fur any slight difEerence in the length of the two chains, and also for 
any irregularity of tension between them arising from a side or in- 
clined pull before the load is raised. 
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Wben tlie long screw shaft between the crane post timbers is 
turned to the left, the cross head is depressed and the load attached 
to the hook-block is raised. When the shaft ceases to tnrn, the load 
is held suspended, and when the shaft is turned to the right the 
cross head is raised and the suspended load is lowered. 

In addition to the means already described for turning the screw 
shaft and hoisting the load by power, provision is made for working 
the crane by hand if desired. This consists of a light hand wheel 
(seen in Figs. 32 and 32a at the foot of the crane) which is geared to 
the screw shaft by wheel and pinion, as shown in Fig. 86. This 
hand gear was intended 'more particularly for moving the suspended 
load through a small vertical distance, as when a roll or other cast- 
ing was being adjusted in the lathe, but its use was unnecessary, as 
it was found that the power gearing worked with entire satisfac- 
tion even for small movements of the work in hand. It will be 
noted that in this crane all the vertical thrust of the screw shaft 
comes upon the floor timber to which the crane head bearing is 
bolted ; but while, in the particular location occupied by the crane, 
this was admissible, this construction is not essential, as the thrust 
can easily be rebutted by collars or friction wheels within the crane 
post and the whole strain upon the screw due to the load confined 
within the crane itself. It is of course not necessary that power 
should be transmitted to this kind of crane by means of belts, as 
the shaft to which the power is applied can be prolonged and con- 
nected to a small direct acting reversible engine, which could be 
readily supported by a strong wall bracket. This engine could be 
run by water or steam pressure, as was most convenient in the 
locality where the crane was erected. 

In the crane as actually constructed, the space between the crane 
post timbers is closed by doors in order to exclude dust from the 
screw. 

At the date of tlie construction of the crane just described, the 
writer of this paper had never seen a power crane intended for 
shop use, and is certain tliat in the leading estal)lishments for the 
manufacture of machinery nothing of the kind was employed ; and 
he thinks it extremely probable that the cmne whoso drawings arc 
l>efore you is the pioneer power shop-craue of this country. In its 
design he attem])ted to embody and combine strength, simplicity, 
cheapness and effectiveness, and the fact that it has for the past 
sixteen years unfailingly responded to all demands made upon it 
is pretty good evidence of his success. 
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DI8CU8SION, 

Mr. Tovone. — One of the chief merits of any mechanical contriv- 
ance is its simplicity, and in Mr. Durfee's design we certainly 
liave an exceedingly simple construction. Considering the time 
when that design was made (sixteen years ago) it is certainly a 
beautiful piece of work, and one that is very much in advance of 
many cranes that are being built to-day. Possibly, Mr. Durfee 
may be correct in asserting that it was the first revolving power 
crane in the coufjtry, but, if so, it had successors a very short time 
afterward. I know of power cranes that were built in Philadelphia 
within one or two years of that time, of somewhat larger size than 
that, but having a good deal more complication of parts. The ina- 
chine before us is so beautifully simple that it leaves but little room 
for comment of any kind, and I think it is as high a compliment 
as can be paid to it and to the designer of it, to say that, in the 
light of experience with larger and more recent cranes, there are 
only two trifling criticisms which suggest themselves in regard 
to it. One of these would be the fact that, in the hoisting 
mechanism, the arrangement of the chain leading from the sheave 
at the head of the mast is such that the travel of the trolley makes 
a slight change in the vertical position of the load. In the work, 
for instance, of settling patterns in foundry work that would be an 
objection, though one easily remedied by dropping the mechanism 
so that the chain would be horizontal. The other criticism is that 
a considerable length of the jib is lost as effective radius. Taking 
half of the width of the trolley, and the projection of the return 
sheave at the outer end of the jib, there are some three or four feet 
that are not available. It is, of course, necessary that the hook 
should reach out nearly to the end of the jib. As I said before, I 
think the fact that these points are almost the only ones that 
can be criticised in the design are as strong a testimony as can be 
given to its general excellence. 

Mi\ Barnes, — It may be interesting to know that when, in the 
hitter part of 1861, 1 went to the Novelty Works in this city, which 
have disappeared, I believe wholly, power had been adapted to an 
erecting-shop crane which had been in use for some time. The 
apparatus which was involved was simply a vertical shaft coming 
down through the head pin. That crane was there in November, 
1861, and 1 am certain that it had been there for one or two years 
previous. I saw the other day in Joliet, in the foundry, a very 
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convenient adaptation of power to an every-day crane. It consisted 
of tlie use of a very simple shaft connection corning down through 
the head pin, with a bit of a horizontal shaft, at the outer end of 
wliich there was a drive chain. This chain came down alongside 
and took hold of a similar wheel on the shaft below. I might say 
that the only reason why that crane at the Novelty Works was not 
in use was that the worm-gear mechanism employed in it was too 
slow. 

Mr. Durfee. — This crane was designed to meet a particular 
case, and is the only one of its kind that has ever been built. The 
two points named were considered at the time it was designed, but 
as it was intended for a particular work, the angular position of 
the chain was not thought to be of sufficient moment to justify the 
dropping of the sheaves lower down in order to obviate that objec- 
tion ; and in regard to the top carriage not going out as far as it 
might if the arm was arranged differently, in the particular case 
where the crane were used there was no trouble occasioned by that 
fact, for it commanded all the area of the floor that there was to 
command, and that was all that was required. 
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OXXXVIII. 

A MACHINE FOR TESTING THE PHYSICAL PROPER- 
TIES OF METALS AND ALLOYS. 

BY T. BOLE8TON, PH.D., NEW TOBK. 

In the course of many examinations of metals that I have been 
called upon to make during the last ten or twelve years, I have fre- 
quently noticed changes which they have undergone, and also that 
many times they become brittle or unsound without any apparent 
cause. I have several times called attention in the meetings of the 
different engineering societies to some of these peculiarities. As 
the result of observations made up to that time, I announced in the 
year 1879, at the Montreal meeting of the Mining Engineers, the 
law of fatigue and refreshment of metals, and I further stated that 
under certain conditions, likely to happen frequently in anything 
made of iron and steel, the uncombined carbon in cast-iron, steel, 
and iron would become combined and the metal become brittle. 
This fatigue I first observed in steel rails, on which I made a num- 
ber of curious observations, showing not only the diflFerent phases 
of fatigue, arising sometimes from overwork of the metal before it 
got into the rail, and sometimes from overwork on the rail after it 
was placed on the road-bed. I have a collection of photographs of 
these observations, with the fatigue and the physical changes made 
apparent to the eye, which I hope at some time to publish. They 
show quite unmistakably that metals or alloys may be fatigued in 
the process of manufacture, before they have undergone any use 
whatever, and that blow-holes are not, as is usually supposed, 
welded together, but are only flattened out without welding. 
What led me to make these investigations was finding a broken 
rail on the Northern Railway of France, in 1873, which was, by the 
conditions of tlie contract, replaced by the manufacturers, but 
which I found, when I came to examine it, was far beyond the 
limits re(j[uired by the specifications, except at the point where 
it broke. It was a long time before I found the cause of the 
fracture. It was a defect in one particular spot, owing to a 
blow-hole which had been pressed flat and had come to the sur- 
face, thus forming a flaw in the flange and the commencement 
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of a crack which, aided probably by the strain of gagging and 
the fatigue of passing trains, had spread through the rail in a very 
crooked line through the flange and web, and finally broke directly 
through the head. This observation led me to study other defect^. 
It has been shown by careful observations made on the same 
railroad that a good steel rail should wear only one millimetre for 
every twenty million tons of traffic, and no more. But I have seen 
rails worn out before they had even supported as much as ten 
million tons traffic, while others, apparently under the same con- 
ditions, have borne many times that amount. These facts were 
what first suggested the idea of studying these physical detects of 
metals. I have seen similar defects not only in iron and steel, 
but also in copper, tin, and brass, and in almost every other com- 
mercial alloy. 

In the year 1878, having been called upon to serve as expert in 
a very important matter concerning steel rails, 1 devised a machine 
for the study of fatigue, in order to investigate the conditions under 
which various kinds of metal went into service. My intention was 
to get a scale of hardness suitable for the use of mechanical en- 
gineers, with the diamond at the extremity of a scale of 100, 
instead of 10 as now. There has been great delay in the construc- 
tion of the machine, and it has only recently come into my posses- 
sion, and in the interval some one in Europe has proposed a scale 
of hardness of from zero to 50°. I do not, however, propose to 
adopt this scale unless I find that it is better than the one I first 
proposed. 

It was not long before I began to notice the change of shape 
which metals often undergo when submitted to strain to which the 
name of " flow " has been given. Every one knows something about 
the hot flow of metals, but one of the first things that I observed in 
studying metals was some of the peculiar conditions of cold flow — not 
only that metals would themselves flow cold, but that each one had 
a rate of flow which was different under different circumstances, and 
that very frequently alloys composed of different metals, when 
fatigued, would separate, each metal taking its own rate of flow, 
and separating from the original mass in such a way as frequently 
to lead to disastrous results. It has sometimes been the case that 
pieces manufactured proved themselves to be quite up to the stand- 
ard at the time of manufacture, but afterward became worthless by 
rest. At other times, of two pieces of metal of apparently the 
same composition, one would stand the strain of the manufacture 
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and the other would not, the metals compoBing the alloy separat- 
ing from the diflEerence of their rate of flow. In some cases I 
have found that sheet metal delivered from the manufacturer had 
become so fatigued in the rolls that it could not be treated any 
further without breaking. I have often found metal in stock 
which was fatigued by this flow so that it would not bear all the 
necessary pressure in the process of manufacture, and it was con- 
sidered impossible to explain the reason why it failed. In some 
cases I found that if the metal had been annealed or had been 
allowed to rest a certain time, if the cold flow had not commenced 
it became strong and serviceable, but in others that it was brittle 
even after annealing. This flow of the metal may be made to take 
place either by pressure or by heat, and is usually called in the 
brass works " the starting of the zinc." Every time any of these 
changes took place, I noticed differences in physical structure, as 
well as in the qualities of the metal, which it was desirable to 
study, and after careful examination of the whole subject, I devised 
in July, 1878, an instrument for investigating these phenom- 
ena. 

The machine which I propose to use for studying these phe- 
nomena has been constructed for me by Brown & Sharpe, of Prov- 
idence, R. I., and I wish at the outset to express my indebtedness 
to Mr. George H. Smith, our fellow-member, who has made many 
useful and important suggestions to me in regard to the details 
of the machine during its construction. 

It consists of a bed-plate A, standing on three legs (Fig. 46). 
On this bed-plate a standard, A' A' B^ is securely fixed (Fig. 47), and 
carries a slide-rest C C^ to which two sets of tools for different pur- 
poses are attached. On the bed-plate, a rectangular table, YX^ Y^ 
with four wheels, Y Y Y Y^ rolls, being guided on one side only, 
in the slot Y'^ (Fig. 47), so that it can move only in the direction of 
the axis of the machine. Its motion is limited by the stops l^'J^', 
at each end of the bed-plate A. On this table, moving upon the same 
rollers, is another one, TJU^ TJ\ which moves on the frame Y XY. 
The table is prevented by the stop A} from moving more than a given 
distance in that direction, while the upper one moving in the direc- 
tion A^^ carries the lower one with it as soon as it reaches the stop 
Y^ on the end of the platform. Both of these platforms may be 
made stationary by the two pins U U' (Fig. 47), which fit into 
the holes IP on each side of the bed-plate. In the centre of the 
upper table U V^ U^ is a circular depression, in which a ring V V 



OF META1J3 AND ALLOTS, 143 

(Fig. 46), is placed, set upon four friction rollers and moving in 
a groove. Pivoted upon a step which rises in the centre of the de- 
pression, is the chuck PUS (Fig. 46), which turns on the central 
pivot, the ring below moving freely on the friction rollers. A ro- 
tary motion may be given to the chuck by means of the cord TP, 
which after passing around the groove S and the friction rollers W 
and W is made taut at one end by a weight passing over the wheel 
on the bracket A^, which is securely bolted to the machine, and is 
carried by a weight attached to a cord passing over a drum con- 
nected to a series of clock-wheels -4*, attached to the bracket -4*, 
also bolted to the machine, whose velocity is regulated by flies of 
different sizes, according to the speed required. To this plate is 
attached the chuck-work shown at H, for fastening the pieces to be 
examined. The rotating chuck may be made stationary by two 
pins, T, at opposite diameters. In order to adapt the chuck to a 
]>iece of any size, it is fitted with slides li^ and screws Q, and 
thumb-screws -P, for holding any piece in any position to the 
chuck. It will thus be observed that if the pins T are in position, 
the bed-plate has movement only backward and forward, in the di- 
rection of the axis of the instrument, while if the pins, U\ are in 
position, it may be made to have a rotary motion only, thus allow- 
ing every part of the piece to be brought under examination by the 
tools above. When all of the pins are in position, the bed-plate 
and chucks are at rest. 

In order to examine the different conditions of the metal, two 
tools have been attached to the slide-rest C, movable by the screw 
J?'. One of these, JV JV, Fig. 47, carries a disk, the lower half 
of which is movable on the hinges iV iT. Through this disk 
two arbors, Z I^ and «7i pass. The lower one, Z -F, is counter- 
poised by means of two weighted arms, JfMj which catch under the 
head of the mandrel. The upper one, «/, has a scale-beam, 7, and 
a pan,/', attached to it, so that by counterpoising Z i*^ with the 
weights Mj a given pressure may be applied to the mandrel, 
Z F^ by placing known weights in the scale-pan /'. 

The mandrel, Z, carries a chuck, Z', in which stones of the usual 
degree of hardness, ground to the angle of an octahedron, are held. 
A series of points of known composition and of known hardness, 
made of steel manufactured by Miller, Metcalf & Parkin, for the 
United States Test Commission, are used as a. means of ascertaining 
the different hardness of different kinds of steel, and it is proposed, 
starting with the diamond as 100, to interpose a series of metals 
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and alloys whose liardness should be determined in degrees of ten 
between each of the usual orrades in scales of hardness. 

The piece to be examined being placed upon the chuck R^ the 
slide-rest C is brought down by means of the thumb-screws D to the 
proper position, and a known weight is placed in the scale-pan Z', 
so that the point will be free to work upon the metal, and the bed- 
plate is then made to traverse or rotate at a given velocity by means 
of a weight attached to the cord passing over the clock-wheels A^. 
The conditions in various parts of the plate are then carefully exam- 
ined and the penetration of the point observed. The abrasion being 
studied in this way with different weights and with materials of 
different composition and hardness, the exact condition of the metal 
in different parts will then be known and what Prof. Langley calls 
its '^ abrasive resistance," will be determined. Its physical con- 
dition can then be ffiven in terms of a scale of hardness which 
have been previously determined. 

It has been definitely ascertained that generally, as .the metal 
becomes fatigued and the carbon becomes combined, iron and steel 
will become harder and the other metals will undergo a change 
which will be ascertained and defined in terms of the various de- 
grees of abrasive resistance. This will show, as the slide-rest is cap- 
able of making the various points traverse or rotate on different 
parts of the metal, how far any physical change has gone on in 
various points of the metal, as all parts can be traversed by the 
rotary and rectilinear motions given to the bed-plate. 
• In order further to ascertain what the change has been, another 
instrument. Figs. 48 and 49, adapted to the same slide-rest, has 
been devised, in which it is proposed to use drills whose chemical 
composition and hardness are known. These drills are attached to 
a mandrel B B and are held by a chuck, the power being applied 
to the drill by the pulley C. On the mandrel which carries the 
chuck and the pulley is a Neer's dynamometer. The construction 
of this dynamometer is shown in the figures H^ iT, F^ G^M. The 
drill is exactly counterpoised by the weight K, The scale-pan L is 
attached to the beam L A given weight is then placed in the 
scale-pan L and the power applied to the pulley (7, and the pene- 
tration into the metal observed. This penetration-resistance will 
be marked by the hands on the dial G, One of these, (?, is loose, 
and is carried round by P, which, when the drill is not working, is 
carried back to by the weight J/. The other remains 
stationary, so that the power exerted will always be shown by 
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the movable band, and a comparison of tbe metals can tbns be 
made. 

For all of these observations I have plates from the material 
manufactured b}^ Miller, Metcalf, and Parkin for the U. S. Cora- 
mission, and also the standard steels and other metals of commerce. 
I also propose to use alloys of different compositions, which I 
intend to fatigue under different known conditions, in order to 
stud}' them. I expect by going over any metal in this way to find 
out exactly where it has become fatigued, or where there is a dif- 
ference in the physical character of the metals which we usually 
call hardness. I am not quite sure that we any of us know exactly 
what the term hardness means. This fact I pointed out at the 
Baltimore meeting of the Institute of Mining Engineers, in 1878, 
during the discussion upon rails. We sometimes mean by hardness 
the penetrating power of a substance which is itself brittle as the 
diamond, which is the hardest of all substances, and is at the same 
time brittle on account of the great ease with which it cleaves par- 
allel to its octahedral face; sometimes we mean toughness; some- 
times we mean the quality which makes a substance difficult to 
scratch or the resistance to abrasion. 

I have frequently gone into the stock-rooms of companies for 
w^hom I have been consulting engineer, and have found that be- 
fore it came into the establishment a large quantity of the stoc'k 
was so fatigued that it could not be put through the processes of 
manufacture with safetv. I have also often found that, after hav- 
ing been put through the process of annealing, and also after long 
rest, the metal which was formerly bad frequently becomes fit 
to work, provided there has been no actual separation of the metals. 
In some cases I have found that alloys which had broken in the 
course of manufacture had started to separate from the difference 
in the rate of flow of the two metals which compose them. This 
flow may be caused either by pressure or heat. I remember, a few 
years ago, standing by the waste pile in the scrap-room of an estab- 
lishment not far from New York, which I think represented $2,000 
worth of labor, and pointing out to the ow^ner that the zinc in nearly 
every case had commenced to separate from the other metals in 
the brass, or as the workmen said, ^' the zinc had started." Many 
of these pieces, almost ready for market, were destroyed by the last 
stroke. In many cases, a ])roper annealing before this last stroke 
was given would have saved a large sum of money. 
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DISCUSSION. 



Mr, Oberlin Smith, — I would like to ask Prof. Egleston if the 
results obtained by the drill are as good as they would be with a 
straight-cutting tool. The drills have this defect, that they force 
their way into the metal by pressure merely, at the centre where 
there is no motion, while at the outside they cut. 

Prof. Egleston. — I am groping in the dark, and I adopted the 
drill as a means of studying the effects to be examined simply 
because that seemed to be the simplest way to begin. If I had 
thought at the commencement of a way of registering the power, I 
think I should have used a planer tool. 

Mr, Durfee. — I understand that this drill is rotated at the same 
time the carriage is traversing. 

Prof. Egleston, — No ; the carriage is fixed. 

Mr, Oberlin Smith, — I would suggest that the diflSculty referred 
to might be obviated by drilling a hole first with a small drill — 
drilling a very small hole first, and then with the testing-drill fol- 
lowing that hole; or by letting the testing tool be a hollow drill, 
leaving a core in the centre. 

Mr. Grant, — ^I would suggest to the Professor that he fasten his 
plauing-tool to a movable slide that has a compression spring. I 
think it would be far preferable to a drill. 

Prof, EgUston, — The suggestions are good ones, and I shall be 
onlj too glad to adopt them or any other suggestions that are made. 
The only reasons that I have for simplifying the work as much as 
possible is the question of expense, which is a very serious matter 
^^'hen there are but few people interested, and there is apparently 
nothing to come of the investigation beyond theoretical results. 

Mr, Toione, — It is always easier to criticise than to suggest in 
these matters, and I am afraid that that is all 1 can do in the pres- 
ent case. It seems to me, however, that any cutting tool is a very 
uncertain measure in a matter of this kind, from the fact that the 
conditions of its use are so variable .and so indeterminable ; not 
only the speed at which the materials meet one another, but the 
angle of the tool, the temper of the tool, and of course the material 
with which you are working. But I would merely ask Dr. Egl^- 
ton if it has occurred to him whether there may not be some method 
other than cutting for gauging hardness, as by pressure or rolling 
contact ? Is cutting the only way, or the best way, of measuring 
the hardness of a material ? 
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Prof, Egleston. — It is the only way that I have yet been able to 
devise that my pocket will allow of. 

Mr. Hobhs. — We have been siiflFering very severely for the last 
sixteen years on account of the inequality of metals. The metal 
we use is called brass. The mixture is two of copper and one of 
spelter, and we are trying experiments all the time, at great expense, 
and we find that the only way by whicli we can tell what is good or 
bad is to work up the metal. I think there should be some way of 
ascertaining whether a piece of metal is good or not, but there does 
not seem to be any. They take a piece of copper and roll it out. 
When they start, it is about thirty inches long. They anneal it, 
and roll it out ten or fifteen feet long. They anneal it again, and 
roll it thirty or forty feet. They cut it into strips about five feet 
long. Now, we can take strips from the same sheet that will vary 
in qiialitv. The way that we test is to examine the shells carefuUv. 
I am speaking now of cartridge-shells. We examine every one of 
the shells carefully. Those that appear to be good we pass. They 
are then fired. Sometimes we will fire ten, fifteen, twenty, or a 
hundred thousand consecutively and not have a bad one ; and then 
perhaps we will strike ten, twenty, or thirty thousand which we 
will have to throw away. My impression is that there is no way to 
find out whether it is bad or good. No man can take a few pieces 
and find out whether a lot of metal is good. At the Frankfort 
Arsenal they had a machine for testing metal. By it they supposed 
they could tell whether the metal was good or whether it was bad, 
and at one time they selected by testing some very choice metal. It 
answered all the squeezing, and it was, as they supposed, just exactly 
the stuff. They made it into cartridges, and over thirty-three per 
cent, burst. They took the common metal that looked bad, and it 
made good ciirtridges. So I do not think that any test of pinching 
and s(jueezing can be good. I am looking forward to see some 
improvement or change in the manufacture of brass. There is cap- 
ital enough invested in it, and there is work enough done for good 
brass to hn produced. There are yary few uses to which metal can 
be put where the test is so severe as in cartridges. The metal has 
to stand the drawing, the bending, the punching, and the force of 
tlfe explosion. I believe, in making brass, they take a certain 
quantity of copper and put it into a pot. They put a certain quan- 
tity of coal around that pot and light the tire. The draft may be 
very good indeed at certain times, which they ascertain by looking. 
They look oftener in cold weather than they do in hot. When they 
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think tliat the copper is just about right, they take a certain quan- 
tity of spelter and put it in the pot. Now, is there a gentleman 
here who ever saw a brass manufacturer's chimney that was not 
whitewashed with zinc 'i They know what they put in, but they 
do not know what they take out. The man begins with ten pots 
of metal. He looks in one and then looks in another. If he finds 
one that is about right, he pours it, and by the time lie gets that 
poured the other is too hot ; and that rule of thumb — no, it is not 
even a rule of thumb — is carried on in all the brass works of the 
country. If Prof. Egleston, or any other man, can get any machine 
by which he can improve this method of making brass or mixing 
metal, he will be the man I want to see. Prof. Egleston came to 
our place by the advice of myself, to have some experiments con- 
ducted. I sent him samples of metals of various kinds. The Pro- 
fessor made his experiments very elaborately, and I believe very 
correctly. He made a report to me, summing the matter up in 
about these words : " Your annealing furnaces are wrong." I asked 
the Professor for a more elaborate report, and it was still that fur- 
nace, while about one-third of the metal I sent liad never been in 
that furnace. JS'ow I do not sa}^ this to blame him, but I do not 
believe he knows anything about it. 
Prof. Egleston. — I agree with you most thoroughly, 
Mr, Uobhs, — I have recently been making examinations with the 
microscope, and there is very little difference in appearance between 
the good and the bad, but you will find some. The mixture, seen 
through the microscope, loOks as if you had taken a sheet of cop- 
per, torn it into strings and scraps, and thrown the spelter in with 
it. There is no real mixture. Until they get over that miserable 
system of looking into the pot and trying whether it is good or not, 
I do not believe they will ever make better metal. I have talked 
a great deal to the brass makers about it. I want them to try the 
Siemens furnace. There are three elements to be considered, the 
copper, the spelter, and the heat; and the heat is just as important 
as any of the other elements, if not more so. The Ansonia Brass 
and Copper Company decided, for the purpose of refining copper, 
to have a Siemens furnace. The furnace was built, and the men 
did not like it. They thought it was an encroachment on their 
J'ights, and things were done to that furnace which make me fully 
believe that the men were determined that that furnace should not 
work. They told me that, at any rate, they would have an anneal- 
ing furnace — a muffle they called it. They build an oven thirty or 
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forty feet long, and they bnild fires at each side and have the flame 
come over the furnace. They put the brass in that. They run the 
sheets in long when they are long, and short when they are short. 
I want my friend Durfee to tell you just exactly what is done with 
tliat furnace, because I want you to know what people will do in 
order to show that a thing will not work. I want some institution 
to try to make those brass manufacturers do their work right. I 
know the Professor will excuse me for what I said about his exper- 
iment. 

Pi'of. Egleston, — ^You did not tell it right ; that is the only trouble. 

Mr, Ilobhs, — If you can do anything by which you can bring the 
manufacturers of what is called brass up to a standard which will 
be either good or bad, it will be a great benefit. 

Prof, Eglcston, — Before the next speaker, I want to correct 
one or two things that Mr. Hobbs has said. In the first place, I 
feel very much like telling you what I do not know about brass. 
Mr. Hobbs speaks about the brass manufacturers of this country. 
It has been my great misfortune to follow the brass manufacture 
from this country to England, and from England to France, Bel- 
gium and Austria, and while I have not been to Bussia, I will 
guarantee that there also it is as bad as it is here. 

Mr. Hobbs says that my report to him was that his furnaces were 
wrong, and so I did say at first, but after a more extended examina- 
tion, my report was that the mannfacturer^ furnaces were wrong, 
and that the metals ^^^r^. fatigued before he received them. 

Mr, Durfee. — To continue the discussion of the methods adopted 
by the manufacturers of brass, I will sa}^ that my friend Hobbs has 
not gone into the details of the matter as fully as might be done. 
Instead of putting copper into the pots, they really do not know 
what they put in. They put something in that has the ccHor oi 
Copper, and something which they thinh is Zinc. In the furnace 
they have a melting-pot, and to save money and time and some 
otlier things, they put two or three ingots of copper inside the fur- 
nace on top of the coal around the pot. Sometimes free oxygei 
gets into that furnace, and sometimes it does not. The copper or 
the coal gets red hot, and sometimes it oxidizes, and when thai 
goes into the pot, the oxygen is retained by the metal that is pro- 
duced. I never knew of a brass manufacturer having a piece oi 
zinc analyzed. Then, as to the matter of annealing : when there \i 
a great deal of metal to be annealed, they pile up perhaps twenty- 
five or thirty sheets on top of each other. The top sheet may oi 
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may not be colder tlian the bottom, but no one who lias had any 
experience at all in the manufacture of metals — in the iron trade 
— would expect for a moment to get a sheet uniformly annealed 
in that way. Those sheets remain in the annealing furnace a 
longer or a shorter time, and the man who feeds the fire feeds it 
according to his judgment. Sometimes he gets a big tire and some- 
times he does not. Another thing in connection with the manu- 
facture of brass, is scrap. All manufacturers use their own scrap, 
and scrap which comes to their works. The scrap is of a very 
miscellaneous character, and it is put into a big iron mortar and 
pounded into a mass that will fit a pot. 

In regard to the Siemens furnace for the refining of copper, at 
one of the works in the Naugatuck Valley they decided to put up 
such a furnace for that purpose. I went to France and saw some 
Siemens furnaces that had been in successful use for four years 
in works where there were unusual obstacles to overcome. One 
obstacle was the proximity of water to the furnaces. All those 
obstacles had been overcome, and they were making copper that was 
used for the most trying work. In another works, in England, 1 
saw a Siemens annealing furnace that had been used for sixteen 
years for annealing brass, and the proprietor of the works assured 
n)e that it was only by the use of those furnaces that he was en- 
abled to maintain his standing in the trade. Ue was enabled by 
the use of those furnaces to do his work with much greater econ- 
omy than his neighbors, as regards the quantity of the work and 
the waste in the work. Aside from this one Siemens furnace in 
use at Ansonia, I do not think there has been a change in the 
process of manufacturing brass since the manufacture was started 
in this country. With regard to the starting of this furnace, at 
the outset there was a good deal of trouble with it. Some of the 
men insisted that tliey knew more about it than anybody could tell 
them. I think, in the " poling " oi>eration, they at first used twenty- 
five or thirty poles ; but now the furnace is working very satisfac- 
torily, and they ijet along with about six poles. 

M)\ Ifi^yts. — In making the metal that wo use, the manufacturers 
always take their own scrap and put it in. The brass they make 
for the market is quite a diflerent thing. Where they attempt to 
make good brass, they are very particular about their scrap. 

Prof, tjjli'Hion, — There is (me thing allude<l to which, I think, 
every mechanical engineer ought to know, and that is the variable 
quality of merchant copper. I have been analyzing copper for 
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many years, and when I get a sample of copper, I never know 
whether it is copper or something else. I sometimes get copper 
that is 99.999 fine. Merchant copper is never finer than that. 
Then, too, I often get commercial copper — 98 per cent. If there 
is any one thing that is disastrous to copper and all its alloys, it is 
oxygen. This oxygen may be absorbed either in the furnace or 
after the metal is taken out when it is brought to a red heat. I 
have often seen popper in this same Naugatuck Valley, which when 
it came out of the furnace contained, judging from the fracture, 
from 1 to 1.5 per cent, of oxide of copper. 

With regard to brass — the manufacture of brass is extremely 
defective ; but I must say a word for the brass manufacturer. The 
competition in brass is such that if any manufacturer undertook to 
make a series of experiments with the view of improving his prod- 
uct, the saving would be so small that he could not feel himself 
justified in doing it. I have been consulted by a very large num- 
ber of brass manufacturers, and I have shown them, as I think, 
reasons why they should make changes, and they have replied : 
We admit all this, but we cannot do it simply because we cannot 
afford to put on the market a better material, for the reason that 
we cannot get anybody to buy it at a price which would be remu- 
nerative. If you will pay for trashy gentlemen, and not throw it 
back on the manufacturers' hands, you will never get good brass. 
The purchaser^ not the manufacturer, is to blame. When he is 
willing to pay a good price he will get a good article. 

Dr. Grimshaw, — I am a good deal disgusted with attempts to 
get good copper castings. I do not think I ever Siiw good ones 
imtil about two years ago. I have made some good copper castings 
by using horn filings as a flux. It will make an addition of about 
10 to 15 per cent, in the weight, and the color will be a fine salmon, 
while the o:rain will be like statuarv bronze. 

Mr, LeavitL — There is a great difticulty in the furnace. Mr. 
Cooper, of the Detroit and Lake Superior Copper Companj^, has 
discovered a process by which copper can be refined so as to give 
99.998 fine. It is, I believe, quite an expensive process, so that such 
copper is not usually put on the market. Unless copper is kept 
from the air in poling and in all the subsequent processes, there 
are likely to be hard particles formed. I have had experience with 
Babbitt-metal which was very remarkable, because, while I thought 
the mixture was thorough, copper was found in fine granules, and 
I suppose the brass makers find a similar difiiculty. There are im- 
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purities, and the impurities do not get thoroughly diffused. Many 
years ago I traveled with Mr. Grout, who was, I think, connected 
with the Detroit and Lake Superior Copper Company, and he re- 
lated to me the extreme diflBculties they had had in their early days. 
He said that their copper was miserable stuff, and that the use of a 
reverberatory furnace (wliich, practically, is a gas furnace) has re- 
sulted in the improvement of the copper standard very decidedly. At 
the same time Mr. Cooper has found in liis practice that there were 
further improvements to be made, that they were practicable, and 
that if consumers will pay for pure copper they can have it. 

Mr, Durfee. — With a reverberatory furnace, using solid fuel, I 
believe it is a practical impossibility (I do not care how many air 
passages you put in, or what combination of air passages there may 
be) so to regulate the furnace that a uniform result can be obtained. 
Unless the fire is kept with wonderful care, air will pass over the 
bridge wall into the furnace, and fragments of coal will be carried 
over the bridge by the blast, and injure the metal under treatment. 
In regard to Babbitt-metal, I remember a very curious circumstance 
which happened some years ago, which illustrates very well the 
iinportance of accurate analytical investigation. A friend of mine, 
engaged in the manufacture of " brasses" for a large railway, was 
likely to lose his business, because somebody came along with a 
cheaper white metal composition which would answer the i)urpose 
fairly. He showed me a piece of this white metal, and he said, " 1 
wish I knew what that was made of." I said, " Why don't you 
liave it analyzed ? " Three or four weeks afterward he said to me, 
''I don't want you to talk to me any more about chemistry," telling 
me that he cut that piece of metal into three pieces, and that he 
sent one piece to a chemist in Philadelphia, another to a New York 
chemist, and the third to a Boston chemist. These men were all 
eminent men (the New York and Boston chemists are now dead), 
and he showed me the reports received from them, in which there 
^'as so much difference between the results that you w^ould not 
I'egard the samples as being taken from the same metal. In each 
analysis there appeared a metal not found in either of the other 
analyses. Each of the chemists employed was eminent in his pro- 
fession, and their age and reputation entitled them to confidence. 
The fact that sometimes analytical work is put into the hands of 
incompetent assistants, and the results, w^hatever they may be, are 
forwarded to the client, may afford a clue to an explanation of the 
singular diversity of results in the above case. 



154 MACHINE FOB TESTING THE PBOPEBTIfiS 

As an illustration of the trouble we sometimes have with igno- 
rant workmen, I will relate a circumstance which occurred some 
years a<^o, while I had temporary charge of a plate-glass factory, in 
which for polishing the plate-glass we used "crocus." The super- 
intendent of the polishing department came to me with a serious 
complaint about the crocus. I said, " What is the trouble with it?" 
He said, ** Well, Mr. Durfee, I have been thinking about that cro- 
cus, and I have made up my mind that there is too much oxide of 
iron in it." (Laughter.) 

Mr, Towne. — I may mention that in the effort to attain proxi- 
mate uniformity in color in some work I have to do, we have tried 
pigging our metal two or three times, starting with an original 
composition, usually copper, tin, and zinc. The alloy has been 
melted, pigged, re-cast, pigged again, and a third time melted before 
being put into the molds. Of course more or less oxidation takes 
place, but greater uniformity has been obtained in the colors of 
metals in that way. In casting alloys of copper, particularly those 
known as bronze, it is a practical diflScnlty, and a very serious 
difficulty, to get anything approximating uniformity of color. 
Often the same casting will vary in color in different parts, and 
thus far I have learned of no process which overcomes that diffi- 
culty. 

Mr, Samuel WeVber, — This discussion on the constitution of 
metals recalls to me an experience of my own many years ago. 
When I was quite a young man, I was engaged in the construction 
of a machine for tracing figures on copper rollers, which were after- 
ward to be etched by nitric acid and used in calico printing. We 
spent months over that work before we could produce a perfect 
impiession on the cloth. For the purpose of making the tests, we 
ruled the varnished copper diagonally with bands' of parallel lines. 
The rollers were then etched and placed in the printing machines, 
and an impression taken. We thought the trouble was an inequal- 
ity of cut in the diamond-points. We got up a diamond machine 
which should grind all those points, so as to make them exactly 
alike. AVc then spent six months almost in cleaning the copper, 
and trying various methods to equalize the coat of varnish. At 
length I observed the appearance of an impression from an old 
roller. It had been worn down nearly to the mandrel. The appear- 
ance was a cloud, as we call it, running aci'oss the whole width of 
the cloth, looking as near as possible like a common claw-hammer, 
» the claws knocked off. I said to the superintendent of the 
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print works tliat I believed I had discovered the cause of the trouble. 
I said, " I want permission to have this roller turned oflE and to re- 
rule and re-etch it and print it again." He said, ** Certainly, do 
anything you like." I repeated the experiment, and the second 
result was precisely like the tirst one. The roller was turned oflf 
again, and I went over the whole surface of the roller, burnished it 
down to uniform density, re-ruled it, and produced the first perfect 
im))rossion, and the process is now used throughout the United 
States, in all calico print works where etching is employed. 

Pvif, KgJeaton, — I am delighted to hear what Mr. Webber has 
said. I have a dozen photographs in my pocket which show the 
very thing he speaks of. I have stamped into metals with a per- 
fectly ])lain surface certain names and figures; have filed them out, 
and made them perfectly smooth, and etched them with acids, and 
have found that the fatigue of the metal penetrated sometimes a 
(quarter of an inch. The action of the acid on the surfaces rendered 
unequally hard was such that it could be printed in a press, and I 
had quite a number of copies struck off in this way. The same 
thing may be said in regard to your rails, or any kind of iron or 
steel wlii(*h has been fatigued. Every place where gagging has 
been done upon a rail can be made visible in the same way. I wish 
I had known beforehand that this discussion would take this turn, 
because I should have been able to show a number of phenomena 
that are extremely interesting to mechanical engineers. 

1 do not want to have the members go away with the idea that the 
copper i)eoi>le are the most careless people in the world. There is 
nothing to be done in the whole ningeof metallurgy that is so difficult 
as the refining of copper. I have seen one of the best refiners living 
change his pitch and put up his door four times in the course of 
two hours. Tliei^ is no necessity, however, for that being done. 
It is possible to keep the pitch of the copper exactly the same, from 
the time it is ready to ladle until the last drop of the copper is out 
of the furnace. I have sampled and analj^zed copper which, month 
after month, would give 9i>.97, *.)1).08, and even 99,99 of copjK^r. I 
believe that the Siemens furnace is the furnace that is going to 
solve the jiroblem for copper. I do not feel quite so sure for brass. 
I am certain that a furnace can be built whicli >vill give much bet- 
ter results than any thus far obtained. There is not a single other 
metal which is so sensitive as cop})er to oxygen. The copper j>eo- 
ple do not pr(»gres8, and the reason that they do not is that they are 
dependent on their refiners, and the refiner is one man, and he is 
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generally the only man about the establishment who can make the 
copper. In Lake Superior they are better off. They do not depend 
on one man. They have half-a-dozen men, any one of whom can 
take the place of any one else in the establishment But in our 
part of the country they have one man, and if that man is deter- 
mined that no improvement shall be adopted, he can succeed in 
preventing its adoption. I have told manufacturers in some cases 
that it was of no use for them to go to the expense of applying im- 
provements, because their refiner was determined they should not 
succeed, and under such conditions they would not. 

Mr, Samuel Webber. — I would like to add that the rollers on 
which the experiments I described were made were old rollers that 
had been standing the wear and tear of years. The outer surface 
had all been turned down, and the part we used was the thin part 
which lay next to the mandrel, which of course received the full 
strain of the mandrel upon it before it was transferred to the outer 
surface, and very likely there might have been what Prof. Egleston 
calls an actual fatigue of the copper. 

Mr. Durfee. — In regard to what Mr. Webber said, I do not wish 
to be understood as saying that the copper used for calico rolls is 
the purest copper that we find. I intended to say that the copper 
that should be used for calico rolls should be the purest copper that 
can be produced, and the reason why the party in France used the 
Siemens furnace was that by its use they could make a better cop- 
per for the manufacture of rolls than they could make with the 
ordinary furnace before used. 

Mr. Webber. — I understand that perfectly, Mr. Chainnan. 

Mr. Grant. — Was the roll cast on a core ? 

Mr. Webber. — Cast on a core originally, and then rolled out on a 
mandrel. * 

Mr. Ilobbs. — There is one other point I would like to allude to, 
and that is the deterioration of brass after its manufacture. In one 
instance a quantity of shells were packed in their boxes and stored 
away, and in the course of three or four months we began to have 
complaints about the heads breaking off. It led to an examination, 
and we found that shells which had been laid aside more than four 
months showed signs of cracking, and they actually broke in the 
course of a year, the heads tumbling to pieces themselves. 
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3f4 r 20 TO 23, 1884. 

Executive Local Committee : — Wm. R. Jones, Cliairman^ Wm. Metcalf, 
Jacob Reese, Harris Tabor, J. P. Witherow. 

The opening session was held by invitation of the Engineers' 
Society of Western Pennsylvania, in the rooms of the Y. M. C. A. 
of Pittsburgli, to listen to a report by a committee of that society on 
"Natural Gas for Industrial Purposes." The session was called 
to order at eight o'clock by President Miller, of the local society, 
^^lio by a few prefatory remarks introduced President Sweet of the 
Mechanical Engineers. The latter made a short speech in response, 
ftnd called for the Report which was the business of the evening. 
This report will be found in the Appendix, and was presented by 
Mr. Hunt, of the local society. In the discussion which followed, 
Messrs. Kent, Metcalf, Reese, Jones, Henning, Strong, Towne, 
Dnrfee, Webb, and KirchhofiF, of the Mechanical Engineers took 
part, and Messrs. Jarboe, Robertson, Hunt, Hahn, Painter, Morton, 
and Dempster of the local societJ^ At the close of the discussion, 
President Sweet gave some notices as to the sessions of the society, 
and an adjournment was taken till the next morning at ten o'clock. 

Wednesday, May 218t. 

The regular sessions were opened at quarter-past ten o'clock, 
^n the morning of Wednesday, May 21st, at the rooms of the 
Western Iron Association, No. 77 Fourth Avenue. 

The names of the following gentlemen appeared on the Secre- 
^ly's registers of members in attendance : 
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Allison, Robert Port CarboD, Pa 

Baldwin, S. W N. Y. City. 

Barnaby, C. VV I^alem, 0. 

Barms, Geo. H . Boston, Mass. 

Bctts, Alfred Wilmington, Del. 

Bond, Geo. M Hartford, Conn. 

Brown, A. G Pittsburgh, Pa. 

Bullock, M. C Chicago, 111. 

Byllesby, 11. M Hamilton, Ont. 

Cheney, W. L Boston, Mass. 

Cloud, J. W Altoona, Pa. 

Cogswell, W. B Syracuse, N. Y. 

Cole, J. W Columbus, O. 

Comly, G.N Wilmington, Del. 

Cooley, M. E Anti Arbor, Mich. 

Dean, F. W Phila., Pa. 

Donovan, W. F Chicago, 111. 

Douglas, Wm Phila., Pa. 

Drummond, W. W Louisville, Ky. 

Durfee, W. F Bridgeport, Conn. 

Emery, C. E N. Y. City. 

Fay, R. C Hopedale, Mass. 

Fawcett, Ezra Alliance, O. 

Forsyth, R Pittsburgh, Pa. 

Francis, VV. H , N. Y. City. 

Fritz, John '. Bethlehem. Pa. 

Giddings, CM Massillon, O. 

Gray, G. A., Jr Cincinnati, O. 

Hamilton, H Youngstown, O. 

Hand, 8. A Toughkenamon, Pa. 

Hawkins, Jno Tnunton, Mass. 

Henienway, F. F N. Y. City. 

Hemphill, Jas Pittsburgh, Pa. 

Henning, O. C N. Y. City. 

Hill, Wm Collinsville, Conn. 

Hollerith, U VN ashington, D. C. 

HoUings worth, S Boston, Mass. 

Holloway, J. F Cleveland, O. 

H unt , r! W Troy, N. Y. 

Ilutton, F. R., Secretary N. Y. City. 

Jones, H. C Wilmington, Del. 

Jones, Washington Phila., Pa. 

Jones, Wm. R • Pittsburgh, Pa. 

Kaffeuberger, G Hamilton, O. 

Kane, J. S Rochester, N. Y. 

Kent, Wm N. Y. City. 

Kirby, F Detroit, Mich. 

KirchhofP, C, Jr N. Y. City. 

Lane, J. S Akron, O. 

Leavitt, E. D. , Jr Cambridgeport, Ma39. 

Le Van, W. B Phila., Pa. 
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Loiseaa, E. F Phila,, Pa. 

Mattes, Wm. F Scranton, Ps. 

Metcalf, Wm Pittsburgh, Pa. 

Moore, C. A N. Y. City. 

Morgan, Jos., Jr Johnstown, Pa. 

Morgan, T. R., Sr Alliance, O. 

Morgan, T. R., Jr Alliance O. 

Morgan, J. R Alliance, O. 

Morris, H. G Phila., Pa. 

Nagle, A. F Chicago, III. 

Nicholson, S Providence, R. I. 

Parks, E. H Providence, R. I. 

Porter, C T N. Y. City. 

Reese, J Pittsburgh, Pa. 

Robinson, S. W Columbus, O. 

Rogers, W. A Cambridge, Mass. 

Saullas, De A. B Dunbar, Pa. 

Schuhmann. G Reading, Pa. 

Scott, Olin Bennington, Vt. 

Smith, O Bridgeton, N. J. 

Smith, J. M Detroit, Mich. 

Smith, VV. F Carlin, Nev. 

Snell, H. S Philadelphia, Pa. 

Spies, A N. Y. City. 

Stearns, A Brooklyn, N. Y. 

Strong, G. S Philadelphia, Pa. 

Stutz, S Pittsburgh, Pa. 

Swasey, A Cleveland, O. 

Sweet, Jno. E., President Syracuse, N. Y. 

Tabor, H Pittsburgh, Pa. 

Thompson, C. T Philadelphia, Pa. 

Thomp.son, E. P Elizabeth, N. J. 

Towne, H. R Stamford, Conn 

Walker, Jno Cleveland, O. 

Webb, J. B Ithaca, N. Y. 

Weeks, G. W Clinton, Mass. 

Wellman, S. W Cleveland, O. 

Wiley, Wm. H N. Y. City. 

Williams, ST Tacony, Phila., Pa. 

Wood, W Philadelphia, Pa. 

Woodbury, C. J. II Boston, Mass. 

Zimmermann, W Pittsburgh, Pa. 

Besides the members of the society present, Mr. John Gjers of 
Middlesboro, England, was an invited guest, and Messr?. Mc- 
Candless, Kirk, Miller, Harloweand otliersof Pittsburgh accompa- 
i^ied the Society on its excursions. 

On motion, the reading of the minutes of the last meeting was 
dispensed with. 
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The Secretary by direction of the Council presented the follow- 
ing report to the Society, of business which had been transacted 
since the annual meeting in November: 



REPORT FROM THE COUNCIL TO THE SOCIETY. 

The Council would report to the Society that it has held meet- 
ings for the transaction of business on Nov. 22, Feb. 27, April 17, 
and May 20. These meetings have been long and have been 
largely attended. The standing committees have reported regu- 
larly, and their action has been approved. 

Beside the routine business of the Society, the scrutiny of ap- 
plications for membership and like duties, the Council has appointed 
various committees for special service. Carrying out the resolution 
of the Society, a committee consisting of Messrs. E. B. Coxe, W. 
F. Durfee, and Joseph Morgan, Jr., is acting on the matter of joint 
invitation to the British Iron and Steel Association. A committee 
of three is preparing memorial resolutions on the death of Dr. C. 
W. Siemens and O. Ilallauer, Ilonorary Members of the Society, 
to be submitted later. A communication from a committee of the 
American Institute of Mining Engineers has been received, iu 
reference to uniformity in size and shape of specimens for test in 
testing machines. Prof. T. p]gleston and Mr. E. D. Leavitt of the 
committee were directed to represent this Society also in that ser- 
vice, and tlie Secretary was directed to present the communication 
before the Society, at its next meeting. The Committee on the 
llevision of the Rules of the Society reported to the Oouncil on a 
method of submitting the j)roposed amendments to the Society, 
and their recommendations were adopted, and the Secretary was 
directed to send out the proposed changes in the Bules for the in- 
formation of members. 

The Nominating Committee to present nominations for tlie 
offices falling vacant in November, 1884, has also been appointed 
by the President with the approval of the Council. It consists of 
Messi-s. S. W. Baldwin, Hague, Martin, Morris, and Stetson. 

The communication of Mr. Charles TV. Copeland, as to the 
founding of the library of the Society for the use of members, has 
been referred to the Committee on Permanent Site, consisting of 
Messrs. Trowbridge, Copeland, Egleston, Merrick and Hoadley. 

The Council lias also passed a resolution, that the annual meet- 
ings hereafter be opened by m\ address from the retiring Presidenti 
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and that such address be printed as part of the proceedings of tliat 
meeting. 

The followin semi-annual report from the Treasurer was pre- 
sented and read by the Secretary : 

To the A/nerican Sdciety of Mechanical Engineers. 

Gentlemen : — I herewith enclose yon my report of the receipts 
and expenditures of the Society, during each month since the last 
annual meeting, with other items connected with the office of 
Treasurer of the Society. 

BEPORT OF THE TREASURER OF AMERICAN SOCI- 
ETY OF MECHANICAL ENGINEERS. 

1888. 

Nov. 1, Balance on band |808 18 

Nov. 80, Receipts during this month 2,326 26 

Dec. 31, *• '• *• 788 99 

18.'^. 

Jan. 81, Receipts during tbis month 418 27 

Feb. 29, •* *• •* 212 90 

MarchSl, " *- " 628 71 

AprilSO, '* '* ** 309 27 

May 19, " •• •* 81118 

1888. 

Nov. 30, Disbursements this month |784 83 

Dec. 31, *• *• 827 04 

1884. 

Jan. 31, Disbursements this month 1,959 28 

Feb. 29. '* *' 775 59 

March 31, •* •• 318 76 

April 30, •• •* 863 00 

May 19, '• •* 849 28 

Balance on hand this date 871 48 

$5,698 76 $5,698 76 

There are in iny hjuidsat this time tlie following hills, which have 
been audited by the Finance Committee of the Society, but have 
not yet been paid, viz: 

J.J. Little, March 31 $424 00 

J. J. Little, March 81 77 00 

Making a total of five hundred and one dollars (§501 00). 

CuAS. W. CoPELAND, Treasurer 
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In the absence of the cliairman of the Committee on Revision of 
Kules, the statement of the labor and plans of that committee wag 
made by Mr. C. J. H. Woodbury, one of its members, as follows: 

The Committee on the Revision of Rules have held a number of 
meetings, and, in addition to that, have done a large amount of 
work by examining the rules and regulations of every engineering 
society in Great Britain and in this country, of whidi the rules 
could be found. As a result of that work, they made a number of 
amendments, which were generally very slight in their character, 
and submitted them to the membership by mail last March. Since 
that time they have received a number of communications suggest- 
ing further alterations and modifications, and they desire to exam- 
ine them very carefully. The comnjittee will further report in 
this matter, and finally, during the summer, will send the amended 
rules around to the membership, accompanying them with a ballot, 
so that the whole Society, and not merely those present at any 
meeting, will have an opportunity to vote upon the question ot 
adopting the proposed amendments. 

The Secretary read the following communication from Professor 
Egleston, chairman of a committee appointed by the American In- 
stitute of Mining Engineers at its session last February : 

New York, April 3, 1884. 

American Society of Mechanical Engineers. 

Gentlemen: — The American Institute of Mining Engineers 
have recently appointed a Committee on Uniform Standards for 
Test Pieces of Iron and Steel, and other constructive materials, 
consisting of Mr. Clark, formerly of Clark, Reeves & Co., Mr. A. 
P. Boiler, lately connected with the Manhattan Railway Co., Mr. 
Hill, of the Iron Age^ Mr. E. D. Leavitt, Jr., the well-known hy- 
draulic engineer, and myself as chairman. 

This committee is desirous of learning what has been done on 
the subject by other societies, and would like to be put in commu- 
nication with any committee of your Society which maybe directly 
or indirectly concerned in this matter. I should also like to know 
if you have any publications in the transactions of your Society, or 
know of those of any other societv or individual which have anr 
bearing on this subject. If so, we shall be greatly obliged if yon 
can put us in the way of obtaining them. We are anxious to. do 
what we can to bring about a uniformity of standards for test 
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pieces, not only throughout the United States, hut also in other 
oountries, so that tlic results of tests made all over the world may 
be comparable, and all tests made may therefore be of universal 
value. 

Any information or aid that you can give us therefore in this im- 
portant matter will be gratefully received. 

Yours truly, 

Tiios. Egleston, Chairman, 

The Special Committee of the Council, appointed to count the 
ballots cast for new members under Rule XIII, presented the fol- 
lowing report : 

New York, May 14, 1884. 

To the Coiincil of the Ameincan Society of Mechanical Engineers. 

The undersigned, who were appointed a Committee of the Coun- 
cil to act as tellers to count ballots cast for or against each of the 
persons proposed for membership in the Society of Mechanical En- 
gineers, to be voted for previous to the spring meeting of 1884, 
hereby certify that we met this day at the office of the Society, and 
proceeded to the discharge of our duties. 

There were cast in all two hundred and fortv-seven ballots, and 
all the persons whose names appear on the ensuing list were duly 
« elected, in accordance with the rules, to their respective grades. 

CnAs. T. Porter, 
Allan Stirling, 

Tellers. 

Albrecht, Otto Philadelphia, Pa. 

AlliS'in, Kobert Port Carbon, Pa. 

Anderson, J . W South Bend, Ind. 

Antliony, G. C Providence. R. I. 

Bftmaby, C'has. W Salem, Ohio. 

Booraem, J. V. V Brooklyn, N. Y. 

Boyd, James '1' East Boston, Mass. 

Broadbeiit, Sidney Scranton, Pa. 

Brifrgs, J. G Terre Haute, Ind. 

Brooks, E. C .*. Cambridge, Mass. 

Brown, A. G Pittsburg, Pa. 

Burr, J. T Brooklyn, N. Y. 

BuKhnell, R. VV .*. .Cedar Hapids, la. 

Caird, Robert Pullman, 111. 

Carr, C. A HolK)ken, N. J. 

Cart Wright, Robert Stamford, Conn. 

Chamberlin, F. L Cleveland, Ohio. 
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Chnrcli, B. S New York. 

aarke, S. J New York. 

Cooley, M. E Ann Arbor, Mich. 

Corbett, C. H Brooklyn, N. Y. 

Cullingwortb, G. R New York. 

Cummiugs, A. W Steelton, Pa. 

Dickey, W. D New York. 

Dixon, Cbas. A Newburgh, N. Y. 

Dodge, J. M Pbiladelpbia. Pa. 

Douglas, Wm. M Beaver Falls, Pa. 

Fisber, C. H Boston, Mass. 

Ford, Jobn D Baltimore, Md. 

Fowler, Jolm Louisville, Ky. 

Francis, W. H New York. 

Freeland, F. T Leadville, Col 

Gaskill, H. F Lockport, N. Y. 

Gaunt, Tbomas Cold Spring, N. Y. 

Geer, James H Jobnstown, Pa. 

Gold, S. F Euglewood, N. J. 

Graham, J. S Rochester, N. Y. 

Gray, G. A. Jr Cincinnati, O. 

Greenwood, J. H Columbus, O. 

Hammer, A. E Branford, Conn. 

Hempliill, James Pittsburgh, Pa. 

Hanscom, W. W San Francisco, Gal. 

Hannon, O. S Jersey City, N. J. 

Hawkins, J. T Taunton, Mass. 

Henney, Jolin, Jr Hartford, Conn. 

Herresboff, J. B Bristol, R.I. 

Hill, James W St. Louis, Mo. 

Hill, Warren E Brooklyn, N. Y. 

Hollis, Ira N Schenectady, N. Y. 

Johnson, C. R New York. 

Jones, W. H New York. 

Jones, R. R Chicago, 111. 

Knight, C. A Glasgow, Scotland. 

Kane, John Rochester, N. Y. 

Lacy, John H Pullman, 111, 

Ladd, James B Philadelphia, Pa. 

Lewis, J. L Pittsburgh, Pa. 

Lewis, Wilfred Philadelphia, Pa. 

Loiseau, Emile F Philadelphia, Pa. 

Magruder, W. T Taunton, Mass. 

Mahony, James -i New York. 

Manning, C. H •. Manchester, N. H. 

Mirkil, T. H. , Jr Philadelphia, Pa. 

Morgan, James. Pittsburgh, Pa, 

Morgan, John R Alliance, O. 

Morgan, T.R. , Jr Alliance, O. 

Morse, C. J Youngstown, O. 

Morse, CM New York. 
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Mudge, B. C Boston, Mass. 

Pareons, W. P Hoosick FaUs, N. Y. 

Peabody, C. H Boston, Mass. 

Pendry, W. A Detroit, Mich. 

Rae, Cbaples W Washington, D. C. 

Randolph, L. S Susquehanna, Pa. 

Reynolds, Edwin Milwaukee, Wis. 

Rogers, Prof. W. A Cambridge, Mass. 

Rowland, T. F., Jr Brooklyn, N. Y. 

Sancton, E. K Scranton, Pa. 

Schahmann, George Reading, Pa. 

Schwamb, Peter Boston, Mass. 

Sheldon, T. C Boylston, Mass. 

Skinner, L. G Erie, Pa. 

Smallr H. J Brainerd, Minn. 

Smith, Charles D Plantsville, Conn. 

Snell, Henry J Philadelphia, Pa. 

Sorzano, J. F New York. 

Spiers, James San Francisco, Cal. 

Spies, Albert New York. 

Springer, J. H Pittsburgh, Pa. 

Stalmann, Otto Lake Linden, Mich. 

Starbuck , G. H New Yorls . 

Stone, Joseph Lawrence, Mass. 

Stutz, Sebastian Pittsburgh. 

Sunstrom, K. J Providence, R. I. 

Thompson, E. P Elizabeth, N.J. 

Thompson, E. W Thomasville, Ga. 

Thome, W. H Germantown, Pa. 

Tbunnan, G. E Louisville, Ky. 

Trautwein, A. P Brooklyn, N. Y. 

Upson, L. A Thompsonville, Conn. 

Van Winkle, Franklin New York. 

Vogt, Axel S Altoona, Pa. 

Wall, E. B Columbus, O. 

Waterman, J. S Ithaca, N. Y. 

Webster, J. F Springfield, O. 

West, Thos. D Cleveland, O. 

Westinghouse, H. H Pittsburgh, Pa. 

Whitaker, E. T Sacketts Harbor, N. Y. 

Wightman, D. A Pittsburgh, Pa. 

^Villiam8, S. T PhiladelphiB, Pa. 

M^ood, S. A Springfield, 111. 

Wright, J. Q New York. 

Zimmermann, W. F Pittsburgh, Pa. 

Associates. 
Brown, D. N New York. 

Delano, T. H New York. 

Douglas, E. V Philadelphia, Pa. 

0ib6on,Wm., Jr New York. 

Worthington, Geo New York. 
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to 

Juniors. 

Day, F. M Milford, Mass. 

Guthrie, E. B Buffalo, N. Y. 

Warrington, J. A Chicago, 111. 

Promotions. 

Vnnderbilt, Aaron (Associate A.S.M.E.) New York. 

Porter, H. F. J. (Associate A.S.M.E.) New York. 

GiddingH, C. M. (Junior A.S.M.E.) Massillon, O. 

No further new business being presented, the President called 
for the lirst paper, by Mr. Jno. W. Clond, of Altoona, Pa., on 
" Helical Springs." In the discussion which followed, Messrs. O. 
Smith, Webb, Metealf and Emery took part. The succeeding pa- 
per was presented by Prof. Wm. A. Rogers, of Cambridge, Mass., 
entitled **A Practical Solution of the Perfect Screw Problem." In 
the extended discussion which it elicited, Messrs. O. Smith, Towne, 
Webb, Hand, Sweet, Bond, Reese, Woodbur}-, Kent, Robinson, 
Porter, Durfee and Emery were heard, and also Mr. Bi'ashear, of 
Pittsburgh, by invitation. 

The hour for morning adjournment was reached before the dis- 
cussion seemed to be closed, so that its completion was postponed 
to the next session, and an adjournment was taken till eight 
o'clock in the evening. President Sweet, before putting the mo- 
tion to adjourn, announced that the Engineers' Society of Western 
Pennsylvania had courteously extended the use of its rooms and 
library to the visiting Society during its stay in Pittsburgh, and con- 
veyed an invitation from the hosts to make use of the rooms for 
social or business purposes. 

The afternoon of Wednesday was pui^posely left unappropriated, 
in order that the members of the Society might have an opportunity 
to visit any special places of individual interest, beside those offered 
by the general excursions. The local committee had made ar- 
rangements that the following places might be visited by certified 
members of the society, and a map of the city had been printed 
with these points suitably marked for easy reference: Moorhead 
Bros. & Co., Spang Steel Co., Spang, Chalfant & Co., Graff, Ben- 
nett & Co., Wm. Clark & Co., Carnegie Bros. & Co., Wilson, 
Walker & Co., Shoenberger & Co., Zug & Co., Brown & Co., 
Lindsay, McCatcheon & Co., Manchester Steel & Iron Co., Oliver 
Bros. & Co., Pittsburgh Forge & Iron Co., James Wood's Heirs, J. 
Painter's Sons, Phillips, Nimick & Co., J. Dilworth, A. M. Byers 
& Co., H. Lloyd's Sons, Everson, Brown & Co., Chess, Smythe & 
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Co., Republic Iron Co., Jones & Langlilins, Elba Iron & Bolt Co., 
Tin Plate Co., N. D. Wood & Co., National Tube Works, Cres- 
cent Steel Works, Anderson, Linden & Blair Steel Co., Park Bro. 
& Co., Steel Casting Co., Ilussey, Binns & Co., Ilnssey, Howe & 
Co., A. J. Nellis, Smith, Sutton & Co., Singer, Nimick & Co., 
Crown Steel Works, Pittsburgh and Edgar Thomson Bessemer 
Works, and Oliver & Withcrow. Of machine shops and manu- 
facturing concerns, the following might be visited : H. M. Bole, 
Jas. Rees & Co., Mackintosh, Hemphill & Co., Totten & Co., 
Westinghouse Machine Co., Union Switch & Signal Co., Westing- 
house Air Brake Co., Robinson, Rea & Co., A. Garrison & Co., 
Cavett & McKnight, A. Fulton's Sons & Co., Pittsl)urgh Locomo- 
tive Works, H. K. Porter Locomotive Works, Keystone Bridge 
Works, A. French & Co., Crescent Spring Co. The various blast 
furnaces about the city might also be inspected. 

The evening session was called to order at 8 P. M. in the rooms 
of the Western Iron Association. The Secretary read various an- 
nouncements as to the excursions on the following days. The 
chair called for any further remarks as to the paper by Prof. Rog- 
ers, but no discussion springing up, the paper by Mr. Wm. Kent, 
of New York, was called for, on " Rules for Conducting Boiler 
Tests." Messrs. Le Van, Emery, Woodbury, Nagle, Porter, Webb 
and Leavitt took part in the discussion, and Mr. N. W. Pratt, of 
Xew York, had sent a suggestion in writing which was read by 
the Secretary. In closing the debate, Mr. Kent spoke at some 
length, closing as follows : • 

"If the subject of boiler tests had been discussed more fully, and 
especially if it were written upon by the engineers of this society, 
we would find still greater difference of opinion than has been ex- 
pressed in regard, first, to general principles, and secondly, and far 
more largely, as to detail. These differences show that engineers 
need to-day some set of boiler rules, and I have not brought in this 
particular set of rules with the idea that they are perfect and that 
Done others should be adopted ; but I want some standard set of 
rules, so that when engineers make a test, they can say it is according 
to an approved standard. I think it would be in order to move the 
appointment of a committee of this Society, to report on a standard 
set of boiler testing rules, which could be reported to our Society at 
the next meeting, whenever that is to be held. I do not suppose this 
Society will take any action in the matter further than to receive 
the report of the committee, but I think it would be a valuable 
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thing to have such a report signed by a committee known to be 
composed of engineers of high standing." 

The motion as amended, that the committee be appointed by the 
chair, was duly seconded and carried. 

The President, before the close of the meeting, appointed this 
committee, consisting of Messrs. Kent, Iloadley, Thurston, Emery 
and Porter. 

The paper by Mr. W. B. Le Van, of Philadelphia, Pa., was next 
read, entitled "Xew York to Chicago in Seventeen Hours," 
Messrs. Emery, Kirby, Leavitt and Kent took part in the discussion 
at its close. 

The paper by Mr. C. E. Emery, which followed, entitled " Esti- 
mates for Steam Users," elicited discussion from Messrs. Kent, 
Leavitt, O. Smith, Le Van and Cole. When the discussion was 
completed, Mr. H. R. Towne, of Stamford, was called on for his 
paper on "A Drawing Office System." Messrs. Emery and Walker 
spoke on the topics suggested by it. 

The session had by this time been prolonged to a late hour. 
Prof. Webb presented his paper on " Cross-sectioning with the 
Kight-line Pen " by brief abstract, illustrating it by distributed 
blue prints. The paper by Oberlin Smith, of Bridgeton, N. J., on 
"A Positive Speed Indicator," was read, but elicited no comment, 
and Prof. Ord way's paper on "Non-conducting Coverings for Steam 
Pipes," a supplement to his previous paper, was presented and read 
by title only. 

On motion, the Society adjourned. 

Thursday, May 22d. 

This day was devoted to a railroad excursion up the Allegheny 
valley. Tlie members were conveyed from the headquarters of the 
Society at the Monongahela House to the station of the West Penn- 
sylvania Kailroad in Allegheny City by omnibuses furnished by the 
local committee. A special train conveyed tlie party, stopping at the 
Isabella Furnaces, the Creigh ton Plate Glass Works, and the Natrona 
Salt Works, on one side of the river. After lunch, served in the 
forward car, the train crossed the river, and stopped at the Pitts- 
burgh Water Works, at the Keystone Bridge Co., the Crescent 
Street Works, Park Bro. & Co., and the Pittsburgh Locomotive 
Works. The train reached the Union Depot at about six o'clock. 

In the evening, a subscription dinner was held at theMononga 
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helaHonse, at which seventy members and their friends were present. 
The responses after the meal were made by Messrs. Metcalf , Hunt, 
Gjers, Jones, Smith, Spies, Kent, and Hntton. 

Feiday, May 23d. 

This day was spent on the Monongahela Biver. The steamer 
Elizabeth had been chartered, and left the wharf a little before ten. 
Stops were made at Jones & Laughlin's, at the Duquesne Forge and 
at the Edgar Thompson Bessemer Steel Works. 

After lunch had been served in the saloon cabin of the boat, a 
special session of the Society was held in tbe after part of the cabin 
to listen to the paper by Mr. G. H. Barrus of Boston, Mass., on 
"A Comparison of Three Modern Types of Indicators." In the 
interesting discussion which followed, Messrs. Porter, Hand, Kob- 
inson, Le Van, Emery, Moore, Kent, Sweet, and HoUoway took 
part. 

At the close of the discussion, Mr. Porter presented the follow- 
ing resolutions, which were put and carried with enthusiasm : 

Baolved: (1.) That the American Society of Mechanical Engineers, through 
its members present at the Pittsburgh meeting, hereby extends its most cordial 
thanks to tbe Pittsburgh Local Committee, and through them to the Pittsburgh 
members generally, for the many provisions so thoughtfully made for the conqi- 
fort, convenience, and pleasure of the visiting members, for the numerous and 
interesting excursions arranged by them among the industries of Pittsburgh, and, 
generally, for the many hospitalities extended to the Society. 

(2.) That the Secretary be instructed to transmit a copy of these resolutions 
to the chairman of the Local Committee, and that the resolutions be entered at 
length on the Records of the Society as a permanent testimony to its grateful ap- 
preciation of the hospitality extended to its members at the Pittsburgh meeting 
on884. 

Mr. Oberlin Smith presented the following resolutions, which 
^ere passed with similar acclamation : 

R'iolved : (1.) That the American Society of Mechanical Engineers begs hereby 
to convey to the several firms and -corporations that have so kindly opened their 
establishments to the members, its most sincere thanks for the opportunities so 
accorded for visiting and inspecting the works wherein the great industries of 
Pittsburgh have been created avad developed to the benefit not only of that city, 
bat equally of the nation, which now heads the list of the steel-producing countries 
of the world. 

(2.) That the thanks of the Society be also extended to the oflicers of the 
Pennsylvania R.R. Co., and the A. V. R.R. Co., through whose courtesy the ex- 
cursions of the Society have been so pleasantly accomplished : and 

(3) That the Secretary be instructed to communicate these resolutions in a fit- 
ting manner to thoee to whom the thanks of the Society are hereby expressed. 
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Mr. J. F. Ilolloway presented the tbllowiug resolutions, which 
were iinanimonsly passed : 

Resolved : (1.) That the American Society of Mechanical Engineers tenders its 
warmest thanks to the Western Iron Association, and to the EIngineers' Society 
of Western Pennsylvania, for the facilities so kindly provided by them for the 
sessions of the Pittsburgh meeting ; for the opportunities offered to the members, 
on the opening night, of listening to the very interesting paper on Natural Gas, 
and of participating in the discussion thereon; and for the assistance so gen- 
erously given by the two local societies to the visiting society in promoting the 
objects of the latter during its Pittsburgh meeting. 

(2.) That the Secretary be instructed to convey to the officers of tlie two socie- 
ties named, the purport of these resolutions. 

After these resolutions had been duly voted, the President made 
a few closing remarks, and on motion the Society adjourned. 

The boat had not quite reached the wharf at the close of the 
session, and impromptu speeches and expressions of kind feeling 
were called out from many sources, in recognition of the efforts put 
forth for the entertainment of the visiting members. 
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HELICAL SPRINGS. 

» 

BY JOHN W. CLOUD, ALTOONA, PA. 

Having had recent occasion to investigate and study the matter 
of springs in the interest of a large consumer, and having had some 
experience for ten years past with the testing and the service of 
a great variety of types of helical springs, it has seemed to the 
writer that tlie results of the inquiry might be of interest. 

Helical Springs have passed throngh a great deal of variation in 
shape of bar during the past few years, and it will be a large part 
of the burden of this paper to show that most of the variations 
alluded to are improper, and that the round bar is the best shape 
for the steel as distinguished from rectangular sections. 

A helical spring is just as legitimate a subject for proper design, 
and adjustment of stresses and strains, as a bridge, a machine, or 
any other structure, and data are available which will render it just 
as easy for the engineer to say, with confideiice in the result, how 
tlie spring should be made, with an assumed factor of safety, as it 
is to design the bridge or the machine. The data required are the 
elastic limit and modulus of elasticity of the tempered steel, and 
are not perhaps as voluminous as is desirable for various grades of 
steel variously tempered. Enough data are on record, however, to 
iiiake the results of design valuable, and it is doubtful whether 
tbe factor of safety need cover any greater margin of ignorance 
tlian in the average structure. In order, however, to have reliable 
data for the grade of steel to be used for springs, twenty samples, 
ten tempered and ten untempered, and of sizes varying* from | of 
an inch to l^V inches diameter by live (5) feet long, were tested by 
the Government Testing Machine at Watertown Arsenal with the 
results which are given in Table No. I., which will be again re- 
ferred to. The tempering was done in oil. 

The formulae showinor the relations of stresses and strains in 
helical springs are given in a concise form by Reuleaux in " Der 
Constructeur," but without any explanation as to how the}' are ob- 
tained. The following jnathematical discussion is, therefore, made, 

to show how these formulae may be obtained, and, for the sake of 
12 
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TABLE I. 

CONDENSED STATEMENT OF TENSILE TESTS OF SPRING STEEL AT WATERTOWK 
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comparison with formula? given by Reuleaiix, his notation will be 
adopted. Some general deductions will also be made which are 
not referred to by him. 

It is universally recognized by the authorities on Mechanics tliat 
the bar of a helical spring is subjected, mainly and almost wholly, 
to torsion. This is not a question needing fiirtlier argument, but 
if any one interested cannot fully comprehend the fact, he may by 
a little careful experimentation satisfy himself upon this point, 
one of the most satisfactory methods perhaps being that explained 
by Mr. Oberlin Smith in an interesting paper read before this 
Society at Cleveland in 1S83. [Trans. Vol. IV., p. 335.] 

To examine a bar in torsion let 

I =. length of bar. 
J^ = force twisting its free end. 
Ji = radius at which jP acts. 

a = distance of most remote fibre from neutral axis, = — for 



for rectangular bar (Fig. 



round bar (Fig. 50), or ; 

51). TheD, 

ST 
The acting moment = PJi and reeisting moment = — £, where 

S is tlie stress in a normal section at the distance a from 




nentral axis, and fp is tlie moment of inertia of the section about 
tliis axis, i. e., the polar moment of inertia. 

But to produce equilibrinm the acting and resisting moments 
must be equal,' i.e., 

Pli = ^^- md P = ^/f . . . . (1) 
o aJi ^ ' 

If S represents the angle of torsion in length, I, then the relative 

angnkr displacement of any two sections dx apart, will be : 

P/i 



d = dx, where G is the modulus of elasticity 



for tor- 




sion. Tlic whole angle 0, therefore, for length I is found by in- 
tegration, between zero and I, to be 

„ PIU SI 



'te constant of integration being zero. 



(2) 
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In order to apply tliese formulse to helical springs in compression, 
or extension, it is necessary to remark that the load on the spring, 
or the pull exerted, in either case respectively, is the force P ; and 
the radius of the spring, or half its diameter to neutral axis, is the 
radius B^ wliile the compression or extension is equal to R 0, 

In the following forraulje, therefore, which we will consider for 
compression only, though equally correct for extension if properly 
worded : 

P = load on spring. 

R = radius of spring to neutral axis. 

a = distance from axis of bar to most remote fibre, 

I = length of bar. 

S = maximum stress in normal section underload Pyi. e., stress 
at distance a. 

G = modulus of elasticity for torsion. 
/ = compression of spring under load P, whence equations (1) 
and (2) show the relations of stresses and strains, i. e.j 

. ^=^ («) 

and, 

f=^'-'rJ w 

Formula^ (3) and (4) will serve properly to design a lielieal 
spring to carry any maximum load, P, and produce any maximum 
compression,/*, desired. 

The maximum stress in a normal plane, S, is to be determined 
by fixing a proper factor of safety, the elastic limit of the tempered 
steel being supposed known, as well as the modulus Oy from test 
of the material. It is requisite to remember in this connection 
that the stress in the normal plane at any point is not the maxi- 
mum S at that point in the bar, as the maximum /Sacts in an ob- 
lique plane and is about five-fourths (f) as great as in tlie normal 
plane. Tlie maximum value of S, used in the formula (3), should, 
therefore, be only four-fifths (^) as great as would be considered a 
safe, true maximum stress to be allowed in the steel, as when the 
spring is solid. 

Similarly, the modulus of elasticity, Gy for torsion, should not 
be called j^ ^(modulus in tension), but only ^ of f -F = ■§ -El This 
for future use. 

Continuing the general discussion : 
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FOR CIRCULAR SECTIOKS. ! FOR RECTANGULAR SEC- 
TIONS. 



nd 



d 



I, = -^^ ; and a= ^ 

fonnulii; 3 and 4 become, 

p ^ StkP , 

167? ' • • • • W 

._ 2jisi _ z2Pm ... 

^ ~ dG ^idJd' ' ^^ 

and hence, the following product, 

Pf=-^^\ ... (9) 

Let Yc stand for voliiiiie of 
iiteel in cubic inches for circular 
bars — 

when foriiiuhi (0) becomes, 



Hi 






formulae 3 and 4 become 



tliereforc, 



o/ ' ' 



(11) 



r ^.j-^ -,. '^n 

. _ vipm If.. 

and hence the following prodnct, 

/y=?/!?; . . . .(10) 

Lot Vr wtand for volnme of 
steel in cubic inches for rectang- 
ular bars — 

Vr = hhl ; 

when formula (10) becomes, 



y ^ 2(rPf 

' .S-» " . . . .(13) 



/'/='!/.'', 



S(i 



(12) 



therefore, 



T; = ^f^; . . . (14) 



.v^ 



Important general deductions may now be drawn from these 
formuhi*, as follows : 

1st. Kormula No, l.*5 shows that in round steel of a given 
quality and of a given factor of safety, as determined by certain 
numerical values for (f and S, the volume of steel, and, therefore, 
the weight of steel re<iuired, depends entirely upon the product 
yyand is indt*i)endeutof any arbitrary dimensions chosen, such as 
the diameter and length of bar or diameter and length of helix, 
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provided, of course, that if any of these are arbitrarily fixed the 
others must be properly related to them as dictated by the fore- 
going form n la?. 

Formula No. 14 shows the same to be true for rectangular bars 
with anv relations between h and A. Formulae Nos. 13 and 14, 
compared together, show that the volume and weight of steel re- 
quired in the rectangular form, to do the same work, represented 
by jPy, is just fifty per cent, greater than is required in the circular 
form if the same maximum S is not to be exceeded, and this is in- 
dependent of the ratio of J to h. 

Both formuliT? show that for a given work represented by Pf^ 
tlie volume and weight of steel required will vary inversely as the 
square of maximum S allowed and directly as the modulus G^ and 
that, therefore, a steel of high elastic limit and low modulus of 
elasticity is the most economical in weight required for helical 
springs. 

By reference to Table I., it will be seen that the lowest elastic 
limit in the tempered bars is 115,000 pounds, and that the modulus 
of elasticity, E^ is not materially affected by the tempering, and 
averages about 31,500,000, so that G = \E = 12,000,000. 

In regard to fixing the factor of safety, or the maximum S al- 
lowable, we will for the purpose of illustration, assume that S in 
normal section is 80,000 pounds when the spring is solid as under 
test, which will, as already explained, be equivalent to a true 
maximum of 100,000 pounds in an oblique plane. We will also 
suppose a spring is desired which shall require 32,000 pounds to 
put it down 1^ inches when it becomes solid. If now the spring be 
made of round bar steel, equation 13 shows 

... ^GPf 2 X 12,600,000 x 32,000 x 3 .^^ ,. • , 

\ =--o9^ = v^ r K -R — ,. , = 189 cubic inches. 

&^ t>,4o0,OU0,UUO x 2 

But as weight of steel per cubic inch is 0.28 pounds, the weight 
2^ = 53 ])ounds, if properly disposed. 

In order to dispose the steel properly, some further general de- 
ductions may be made firsthand then applied to the foregoing 
example. 

Sui)pose the spring will be composed of more than one helix, and 
that they are ])laced either concentrically or bide by side in a nest. 
Then, if H = height when solid : 
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and F=i ^ = — ^ — ;. . . (16) 

are true equations from each helix, J?, <?, I and "F, applying to each 

in turn. Therefore, in each helix V varies as dR^ since the other 

items are constant. But since S also is to be made the same for 

all the helices, and / is constant, formula (5) shows P varying as 

^ , dU^ 

-^y whence, dR varies as -y^, and, therefore, R varies as d, and I is 

constant for all the helices having the same amount of compres- 
sion, y, in oi'der to get the same stress, S^ in the different helices 
wlien they are solid. 

The relation that R varies as d is important. There is no ab- 
solute ratio necessary between them, except that R be sufficiently 
great for any d for practical manipulation, coiling, etc. 

Let it be assumedfor each helix in the spring under consideration 
that R = 2d and that H =^ ^\ inches ; also that the springs will 
be made of four (4) equal helices side by side. The sequel will 
show that these are practical figures. 

The total volume was found to be = 189 cu. inches. For each 
helix, 

189 
V = - = 47.25 cubic inches = 13 + lbs. ; 

and from formula (16), 

y = i^^, or, 47.25 = "^^^^ = 40.7 <P . 

It O 

Therefore, d? = 1.16 4- and d = 1.07 -f = l^V inches. 
Hence, R = 2\" and outside diameter of helix = 5jj inche?. 
The length of bar will be as per formula (15). 

7 2 TT Jill K ■« Q • 1 

C = = — = 51J inches. 

d 

If it is desired to make the spring of concentric helices, the same 
length of bar will prevail and the same ratio, R varies as 6?, which 
relations will materially aid in finding proper values for each helix 
from formulae (5) and (6), and when properly related, the total 
height of steel should be fifty-two (52) pounds. In order, how- 
ever, to get this properly proportioned in concentric helices, it will 
l>e found that the outside bar must be of a larger diameter than 
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is nsnally practised, and there are indications in Table I. that such 
large bars would not be las thoroughly tempered through as the 
smaller sizes. 

It is, therefore, sometimes better to place the helices side by side 
in a nest than to make the spring of concentric helices. 

Upon examination in the light of the foregoing formulae of 
springs which have been made of rectangular bar in large numbers 
for freight-car service, it has been found that they have been made 
with forty-two pounds to fifty pounds of steel, when one hundred 
and fifty per cent, of fifty-three pounds, or seventy-nine and one- 

DETAIL OF HELIX 



FOR CLASS V SPRING 
Fig. 53 




To be made of a bar 1/w In diam. (near) & 519^ In. long. 
Ear tapered at ends so as to be 58^ In. long. 



li^lf (79i) pounds should have been used. Such springs have 
l^roken in service in large numbers, as should be expected, whereas, if 
^liey had been designed with reference to the shape of bar to be 
used, they could have been made to show as long a life as a round 
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bnr spring with the siimefactorof safety, but even then, one-third of 
the steei nsed and one third of the price paid is just so much paid 



CLASS X SPRING 




for ignorance, and the surplus steel is frequently in the waybj occn- 
pyiiig vatuahie space with unnecessary material. 

If it be urged that the cornere of rectangular bars are always 
made somewhat rounding, it can bo shown that this slightly mod- 
ifies the evil and that it does most good when it is practised on 
square bai's, but the conclusion cannot bcevadcd that the maximum 
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good is only reached when the radius of the round on the corners 
of square bars is equal to that of the inscribed circle. 

In the foregoing discussion the distortion of the bar during the 
process of coiling has been neglected. It is generally undci-stood 
that a circular bar assumes a slightly elliptic section, but this is 
probably too slight to make it an object to roll the bars elliptical 
to some extent, and to coil them so that they would be circular 
in the helix. The slight bending action to which the bar is sub- 
jected, under load, has also been disregarded, as too small an item 
to modify the compression materially, and the factor of safety should 
be sufHeient to cover any increased stress from this cause, if there 
be any. 

An examination of Table I. indicates that the bars of smaller size 
^ould be most economical in weight of steel required, because the 
elastic limit of such tempered bars is higher than for the larger 
8'zes, but this again necessitates helices of small diameter, besides a 
^ore elaborate case to contain them, and they are liable to bend 
under load if in compression. The same table shows that the mod- 
ulus of elasticity is not materially altered by the process of oil tem- 
pering, which warrants the conclusion that a spring of given design 
cannot have its rate of compression per 1,000 pounds altered by this 
pi"ocess of tempering, so that the rate calculated by these formulae 
uf^ust prevail so long as the design and the temper together will not 
allow the stress to reach the elastic limit when the spring has its 
inaxinium load. It is possible, however, that the rate of compres- 
sion may be largely interfered with and the maximum stress which 
rtie steel may be called on to sustain, may be seriously altered by 
iiTiproper workmanship in coiling, so as to make the angle of pitch 
^'ariable when it should be constant. This is a departure from the 
design, and if care is not taken in this respect as in every other, the 
spring will not act under load as the formulae indicate. 

Further, the time of a simple oscillation is fixed for given con- 
ditions of compression, and cannot be altered for better nor for 
woi-se with the same ratio of li to d except by increase of length 
^ and consequent height of helix; for the time of a simple oscil- 
lation of a torsion pendulum is: 



t = 



but -yr-v- = y*/ therefore, 
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9 

As a justification of the foregoing formulae, it may be stated tliat 
designs were made as above for two classes of springs — one as 
sliown in Figs. r>2 and 53, which calls for fifty-two pounds of steel, 
and one as per Fig. 54, w^hich requires thirty-five pounds of steel. 

Five couiplete sets of six springs each have been made from these 
drawings by five different manufacturers, and these springs have 
all been found to stand at the desired heights under load, and to 
compress at the rate calculated, neither could any difference be 
detected in the quality of the motion. 

DISCUSSION. 

Mr, Oherliii Smith. — T would like to ask what process was used 
in tempering after the hardening? 

Mr. Cloud. — The springs were made by five different manufac- 
turers, and I cannot say to what extent they were drawn after being 
tem Jeered. The manufacturers all had a copy of the same drawing 
to work to, and it was specified nine-tenths of one per cent, carbon, 
and two-tenths of one per cent, manganese. The tests of the same 
grade of steel made beforehand at Watertown, indicate that the 
modulus of elasticity is not affected materially by the process of oil 
tempering, and I only wished to show by the cases cited that springs 
designed in accordance with the formulae will stand as the formulce 
indicate, provided the steel is of the same grade. Variation in car- 
bon or manganese in the steel may produce considerable variation 
in the height under load, but I think there is little opportunity for va- 
riation in process of tempering to do the same thing if the temper- 
ing be done in oil, as were the samples. 

3lr. Smith, — In regard to the breaking of the springs, it is pos- 
sible that the maker might have got them too hard at fir8t,and may 
have drawn them down afterwards. Itseems to me in tempering steel 
that there is introduced an element of uncertainty. Improper tem- 
per is such a difficult thing to get hold of, that is, it is difficult to 
get specifications saying how hard a spring steel should be when we 
have no standard of hardness, such as we ought to have, and although 
the strength of the spring may not be affected if the hardness is 
within proper limits, yet there is the danger of getting the springs 
too brittle, and also the danger ofunevenness of temper, getting 
them brittle in spots. 
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Professor Welh. — I would like to know whether any experiments 
have been made in reference to the best diameter for the steel for a 
given spring. 

And there is still another point : whether, in compressing these 
springs tlie simple law that the pressure varies with the amount of 
compression, was observed to hold practically good. 

Again, as the spring stretches out so that the pitch becomes 
greater, the spring will eventually be stretched out to a straight line, 
the radius will be reduced to nothing, iii which case we would have 
no torsion whatever. As the spring is stretched out the radius 
decreases, of course. Has this fact been sufficiently considered? 

Mr. Metcalf, — Mr. President, I received a copy of this paper a 
day or two in advance, with a request from Mr. Cloud to discuss it. 
I only regret that I did not have it earlier, in order to be able to 
make a more thorough discussion of the subject than I can to-day, 
because it is a very important one, and particularly so to the unfor- 
tunate manufacturer of springs. The number of styles, varieties, 
sizes, shapes and patents of the simple coil spring is simply legion. 
I have been engaged in the manufacture of springs for some sixteen 
years, and T have thought, from time to time, that we had gathered 
up every possible shape of a coil spring and bar that could be made, 
and yet there is scarcely a week, if any scrap comes into our place, 
that we do not find something new. It seems to be the fact that 
every master car builder, master mechanic, and superintendent 
knows just exactly what kind of a spring he wants, and just what is 
the best, till finally I was forced to the conclusion, years ago, to 
which we adhere very rigidly, that the best spring is that which a 
man wants. (Laughter.) 

There can be no question about the propriety of the discussion of 
this 8n!)ject to-day, and I can only say that I am very glad that the 
gentleman has made a report, and I think it is due to the organiza- 
tion with which we know he is connected, to say that it shows the 
great intelligence of that company that they allow and expect their 
engineers to come forward with their reports instead of leaving us 
all to go to the individuals in the diflferent shops and be subjected 
to the weight of the ipse dixit of everybody as to what they want, 
without room for discussion, simply " This is so, and it must be 
l^ad," etc. These gentlemen come before our society and place 
themselves on the same level with us all. Their reports are com- 
mon property and open for discussion, and certainly the discussions 
and the information gained in that way must be of immense value 
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to the company, as the reports given out are of vahie to other engi- 
neers. 

In regard to the strains in springs it is a matter that I have con- 
sidered a great deal, and, I must confess, to my entire confusion. I 
believe that Mr. Cloud is right in stating that the result of stress in 
the coil spring is mainly torsion ; but when we consider the shape 
of the bar, it can be treated as a beam loaded at one end and fixed 
at the other, subject to ordinary deflection, or it can be treated as a 
shorter beam which would be the length of half of the circumference, 
subject to flexion, and to show that the treatment of a spring con- 
sidered as a beam loaded at one end and flxed at the other will give 
some correct data, I had occasion to take, some years ago, an ordi- 
nary volute. Although that is not exactly a helical spring, yet it is 
spiral and subject to nearly the same strains. These springs are 
made usually 4 x | or 6 x | or 6 x |, flat bars, coiled up on the flat 
side, and it occurred to me that if that steel was acting at all, there 
was just about twice too much steel in it. So we made a great 
many springs of which we split the bars on the diagonal, leaving 
just enough at one end to furnish material to resist the weight, say 
perhaps three-fourths of an inch wide, making the spring practically 
half the weight of the original spring, and then we found that 
whether we coiled that spring with the broad end or the narrow end 
in, we got precisely the same resistance as we did w^ith the whole 
bar. I do not know how that would work when subjected to moi^o 
torsion, but certainly half the steel gave as much resistance in that 
shape as the whole amount. 

Then again, these springs do vary in diameter. 1 investigated 
that niatter again carefully yesterday, as I have a number of times 
before, fixing a spring in the testing machine, and I found that the 
friction of the plates at the ends held the ends firm. Now, if all 
the strain in the spring were torsion, the torsion would have to be 
sufficient to simply close up or compress that steel into the smaller 
space that the spring occupies when it is set down a distance of two 
inches and a half, say. But, by c^ireful measurement I found that 
the Class X spring given in this paper increased in diameter a 
quarter of an inch in closing it down. That shows a direct trans- 
verse strain in the bar. The ends could not get away ; they could 
not slide around, and the diameter was increased that much. 
Therefore I think the bars are subject to flexion, — that subject to 
such a load as a beam loaded at one end and fixed at the other, and 
also subject to torsion. Believing that, I have always felt that I 
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conld not work ont a satisfactory formula, and so we have in our 
practice been guided by the demands of our patrons, and governed 
largely by past experience. 

The round-bar spring unquestionably is the stiffest form of steel, 
taking weight for weight, coiled at the same diameter. I think. 
Mr. Cloud is correct in that. I took yesterday three springs. One 
was what is called the eye-pin shape. It is a section in the shape 
of a pointed egg, with the larger edge rolled nearer to the mandrel, 
^dlen it is rolled on its edge. A bar, an inch and a half by three 
quarters, 54 inches long, coiled on its edge, gives a spring 6 inches 
in diameter by 4J inches high. This spring compresses 333 pounds 
for^ of an inch. At 4,000 pounds it stood 4^g^, at 6,000 pounds 
3[i, at 8,000 pounds 3^^, and it closed at 3^ inches. A bar of 
exactly the same size coiled flat, made a spring 4| inches in diam- 
eter by 81 inches high, turning the bar up on its edge. At 4,000 
pounds it stood 7f|, at 6,000 pounds 7f , the compression for ^ of 
an inch there being 666 pounds, twice that in the other spring. 
Then between the weights of 6,000 pounds and 8,000 pounds it 
compressed | of an inch, giving only 200 pounds resistance for a 
Biotion of a ^ of an inch, showing that the spring in that form was 
irregular. The tendency to expand in diameter is not so well re- 
sisted in a bar coiled flat. 

A round bar of the same diameter of steel, one inch in diameter, 
^Mchis the same volume per inch, 54 inches long, made a spring 
5| inches in diameter, and 6 inches high. It stood C| inches high 
for 4,000 pounds, 5^ high for 6,000, giving 285.7 for ^^ of an inch 
motion. At 8,000 pounds it stood 4J inches high, giving 333 pounds 
for iV, the same as the edge-rolled spring. At 10,000 pounds it 
stood 4y\, giving 400 pounds resistance per ^^^ of an inch motion 
and closed at 4^*^. This spring you will see is irregular. It be- 
comes more and niore stiff as you compress it, and so would act 
more stiffly under a load. 

In regard to the springs. Class V and X mentioned fn the paper, 
We made one of those sets. The specification read in this way : 
"We think that a Class V spring, made according to these require- 
ments, should stand about 5| inches high with a load of 16,500 
pounds, and that they will be 4| inches high solid, and that a Glass 
X should stand 6 inches high when down, and require 17,000 pounds 
fo 18,000 pounds to put them down. Four coils to a nest makes a 
load of 4,125 pounds to each coil ; divested of castings. Class V 
should, according to above, stand 4-J inches high with this load." 
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We made the springs first exactly in accordance witli the specifica- 
tions given. At a load of 2,500 pounds it stood 6^ inches high ; 
3,000 pounds 5^ inches ; at 4:,125 pounds, the required load, 5 inches 
high instead of 4-J. At 4] high it required 5,062 pounds. At 
6,000 pounds it stood 4J inches high ; at 8,000 pounds 4| ; at 
10,000 pounds 4J practically closed. In the specifications they gave 
a spring that was 1,125 pounds too strong — 937 pounds too strong 
at the required height. I will say to Mr. Cloud, I do not know 
what our friends did, but we simply cut that spring down until it 
met the specification. It had to be reduced ; it was too stiff. We 
may have had our steel too high in temper. The letter enclosing 
the specifications said that this spring would weigh 52 pounds. It 
did weigh actually 52| pounds, which is practically correct. It was 
stated that the X Spring would weigh 32 pounds. It actually 
weighs 37J pounds. , 

Now, in regard to the elastic limit, I do not think that in any 
spring, in jmictice, the elastic limit can be very well exceeded if 
the spring be i)roperly made and tested before it leaves the works. 
Our plan of making springs is to coil them — and it is, of course, the 
same with all parties — to coil them a good deal higher than they are 
required to be, harden, and temper them in some cases and not tem- 
er them in others. That is all governed by the quality of steel — 
the carbon of the steel. There are three or four different ways of 
hardening springs. After that is done they are put in a testing 
machine, which is simply an inverted hammer. It is a 22 inch steam 
cylinder with 100 pounds pressure, with a cross-bar fixed at the top. 
A spring is put on the crosivhead of the piston rod, and simply snapped 
up solid, as hard as we can strike it with this 100 pounds pressure 
on a 22 inch cylinder, and then is thoroughly well beAten until 
the set is taken out. After that is done, you may keep the spring 
banging there all day long, and you can't set it any more, and if 
that spring is put into service, and it is overloaded, it will simply 
go down solid and be a solid block. I do not see how it is possible 
to exceed the elastic limit in a spring of that kind. 

I think the reason for the breakage of the springs, that Mr. Cloud 
speaks of, was largely their rectangular shape — due to the tact 
that there were sharp corners left on the steel, which made it al- 
most impossible to heat the steel uniformly. In heating a spring 
of that shape the corners will get hotter than the rest of the bar. 
An internal strain tv'ill be set up in the bar, which cannot be taken 
out afterwards, and when the spring is put in service these little 
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sharp corners will scratch and spread the spring, and your spring 
will break. A rectangular bar with sharp corners is a bad thing, 
and should not be used, not only for springs, but for any other pur- 
pose for which steel is used. It should be avoided. 

But there are other considerations besides the question of load 
and elastic limit and the quantity of steel required. We have, for 
instance, to look to the duty that the spring must do. Kow, if you 
take a spring of this Class V, just right for a 50,000 pounds freight 
car, and put it under a car on one of our Eastern roads, wliere the 
road-bed is solid and firm, ballasted with stone, the rails all true 
and even, where there is no jarring or pounding, or anything of 
that kind, tliat spring ought to carry that load indefinitely up and 
down the track. But if 3'ou take the same car and load it with 
perhaps 60,000 or 70,000 pounds, as is frequently done, and send 
it oft' all over the countrv, out on the inferior and the branch 
roads, and it is bumped and tliumped around under a strain a great 
deal heavier than 50,000 pounds, very often springs will break 
under that treatment that would last their full life out with proper 
treatment. They will break from the actual crushing of the bar 
under the continued heavy pounding. 

Then, again, there is another case I will cite, just to illustrate. 

We get an order from a man in the logging regions for a spring to 

put under a car which shall be able to carry a certain load, say 10 

tons. But they notify us that they are going to roll big logs off 

from a heap, and they will drop them down 5, 6, or 10 feet, and 

they want a spring to resist that. Now, there is no trouble in 

making a round bar spring, a very light and cheap one, to carry 

the load, but all that we have sent out to do that work have failed 

and broken, and the parties have complained of them. We have 

then been compelled to resort to this edge rolled bar steel in order 

to make a safe spring, with a soft motion, that will yield, having 

an ultimate capacity suflicient to carry the load required, so that 

when these logs come down they shall not break the spring. Due 

regard must be had to the work that the spring is going to do, if 

you want it to live out its life. 

Another thing. All railroad men say to us, so far as I know, 
" We don't want a soft spring. We don't want a spring that will 
set. We want you to leave all the temper you can in the spring, 
so that when it fails it shall break, for the reason that when it sets 
under work it simply becomes a solid block of steel, and it knocks 

the car to pieces, and knocks the track to pieces, and breaks everv- 
13 
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thing up." Due regard must be liad to that — to softness of motion 
and high temper, so that the steel cannot set. This is very impor- 
tant indeed. We all make steel springs, and make them higher 
than will give the greatest resistance to impact for that reason — 
that when a spring does fail it shall break. I think tliat demand 
is uniform among all the railroads. 

I have a little memorandum here that I should have brought in 
before. 1 took an inch bar this morning, 42 inches long, and sent 
it down in order to get a spring of the same height as this edge 
rolled that I have spoken of. It made a spring 5J inches in diam- 
eter and 4} inches high. At 4,000 pounds it stood 3J inches high, 
at 6,0<>0 pounds 3i inches high, giving a difference of 500 pounds 
for a -^\ of an inch motion, closing at 8,000 ])0und8 3^ inches high, 
giving 333 pounds, showing uneven motion also. 

I am very glad that Mi*. Cloud has come to dissipate the clonds 
of ignorance in regard to springs. He did not sav, and I know he 
did not mean, the ignorance of the spring-raakei'S (laughter), be- 
cause we, to a large extent, have to make simply what we are 
ordered to make. 

I will give the history of the Class U spring, for the information 
of the members. The first demand that was made for that spring 
was about six years ago. I received a demand for a spring that 
should be the lightest possible spring to carry the load, a 40,000 
pound freight car — a U spring — the idea being that the elliptic 
spring w^as too heavy and too expensive, that coil springs were 
better to do the w^ork, and they desired to have the lightest possi- 
ble spring that could be obtained, and also one of soft motion. We 
made a nest spring, consisting of three coils set on the angles of an 
equilateral triangle, containing in each nest 32 pounds of ateel, and 
they did the work beautifully. But after the spring had been in- 
troduced and tested pretty well, a great many thousands were 
ordered from all over the country, and the spring was too light| 
and the tempering, probably, was not always evenly done, and the 
breakages were simply frightful. Then a demand came from the 
uj^ers that they w^anted the utmost possible quantity of steel put 
into a space that should not be greater than 10 or 11 inches in di- 
ameter and inches high, and they wanted all the steel they could 
get there, for greater safety. The result of that was springs that 
weighed from 52 to 79 pounds, and a great many thousands of 
them were made and a «:reat many thousands of them broke in ser- 
vice. Then they appealed to their engineers, and Mr. Cloud oomes 
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out and gives us the result of his investigations, and he is getting 
very much nearer right than before, and eliminating the ignorance 
that we are all laboring under. But I really think the chief diffi- 
culty we labor under, and it is a difficulty with all of the railroads, 
and more particularly almost with all engineers, is one that the 
engineer cannot control — he can only work out and make his designs 
and his specifications for the best thing that can be had, and then 
he is overweighed by the lowest bidder, 

Mr, Oherlin Smith, — It seems to me that one of the most sug- 
gestive remarks made by Mr. Metcalf is that all the new-fangled 
springs are found in scrap piles. 

I have a suggestion here to make to spring makers — I do not 
know, however, whether it is worth trying — and that is, that the 
proper form for a spring for bars of round section would be tubu- 
lar, as a round bar subject to torsion does nearly all its work, of 
course, on the outside, the interior of the bar being near the neutral 
line and subjected to no torsion whatever. I do not know whether 
it has been tried. I have tried it with little pieces of iron pipe oc- 
casionally. I have not gone into the mathematics of the matter at 
all, but it would seem common sense that the best result would be 
secured with the least weight of steel if the spring was made tubu- 
lar. I do not know how successful the tube makers are with steel 
tubes. 1 do not know what they have done in this country, nor do 
I know whether anything has been done in the way of welding 
steel tubes, but if steel tubing is obtainable here, I think it would 
be a good idea to try some springs made from it. Certainly it is a 
matter of imi)()rtance to save dead weight in cars. I think the most 
work couhl be gotten in that way from the least material. 

Mr, Metcalf, — Mr. Chairman, those springs, if they could be 
made, would be simply crushed. These cars, when loaded at their 
maximum, take a very heavy load, and the springs under temper 
would certainly break. 

Mr, (7i(tK h\ /ufiert/, — The circular section is not only of value 
in ])rovidinir the least weight of metal for a spring of a given resist- 
ance and elasticity, but may also be employed to prevent parts of 
machines subject to indirect strains from springing. I designed a 
]>air of offset reversing levers for twin screw engines some ten or 
twelve years ago. Each lever had a straight vertical portion nnule 
thin and tapered to a handle as usual, but was offset horizontally, 
about eighteen inches, (me foot out from the reversing shaft. The 
whole of the horizontal portion, as well as the j)ortioii one foot long 
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joining the hub, which was keyed to the shaft, was of round iron, 
thr^e inches in diameter. The offsets showed prominently above 
the engine-room floor and occasioned considerable remark, but they 
are the only offset levers I ever saw that did not spring with links 
in motion, showing tliat the circular section is the best form to resist 
the combined torsional and transvei'se strains due to an offset. 
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CXLllI. 

A DliA WING OFFICE SYSTEM, 

BT HKNRT B. TOWNS, STAMFORD , CONN. 

In tlie management of nearly even' large works the need is ex- 
perienced of some systematic provision for the indexing of draw- 
ings and patterns. Tlie system lierein described lias been de- 
veIoi)ed in the works under the writer's management, and has been 
l)rovcd by experience to be simple, effective, and satisfactory. It is 
believed that a brief description of it may be of service toothers in 
effecting similar arrangements. 

A drawing office, like any other department in a manufacturing 
establishment, should have a recognized head, designated usually as 
chief draughtsman or as foreman of drawing office. In some cases, 
owing to the carrying on of distinct lines of work in the same 
office, more than one such head may be desirable, each, of course, 
having a clearly defined field of work. Wlioever is selected for 
such position should of course have a well-defined responsibility 
and discretion, subject to such general direction or super- 
vision from the principals as in each case may be desired, and 
should have the entire control and direction of his subordinates. In 
recognition of this principle the system herein described ju'ovides 
for the signature of each drawing by the initials of the responsible 
hefid of the department, followed, where the drawings are made by 
othei*s, by the initials of the draughtsman. In this way the re- 
sponsibility for all work covered by a drawing is at once indicated 
on its face. 

rniformity in size of drawings is important as a matter of 
economy in drawers, boards, etc., and in most cases standard draw- 
ings can be restricted to a number of sizes not exceeding two or 
three. Uniformity in style of title or legend of drawings is desir- 
al)le as a matter largely affecting the general appearance of the 
blieetn, and as better in every way than leaving the inscription to 
chance determination in each case. The title should also be always 
placed in the siune position on every sheet, and is best located near 
the bottom, for the reason that it is then most accessible when the 
tiheets are filed in drawers, as is usual. The style of lettering 
adopted should bo one capable of quick production by hand, and 
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as neat and clear as possible. Fancy type of all kinds are objection- 
able. The style preferred by the writer is a Gothic type as illus- 
trated by the sample title herewith, all of which, excepting the 
headline, can be easily done by any fair penman in freehand work, 
and very rapidly. The illustration is a fdc-sivvile reproduction, 
by photo process, of the title on an actual drawing, the work on 
which is entirely free-hand and was done in less than one hour. 
The headline is best done with a brush or stub, and although 
requiring more time is preferable to a lighter type as giving 
character and distinctness to the whole inscription. A decided 
economy can be effected in any large drawing office by hav- 
ing all of the lettering on drawings done by some one person 
rather than b}' each of the draughtsmen. A competent person for 
this work can usually be obtained at much less expense than a 
dranghtsman, while the increased practice he obtains will also soon 
enable him to do the work in shorter time. In this way also uni- 
formity is obtained in the lettering of all drawings prepared in the 
office. 

A clerk or assistant is a useful addition to the corps of any 
drawing office employing many draughtsmen, and in some cases 
two or three such assistants can be profitably employed. Their 
duties sliould comprise the lettering of drawings, as above ex- 
plained, the preparation of blue prints (where the blue process iB 
employed), the book-keeping incident to the indexing and recording 
of drawings, the preparation of shop orders, and the assorting and 
filing of drawings and tracings. Experience shows that such work 
is, as a rule, not only done more cheaply but also better by such as- 
sistants than by the individual draughtsmen. 

The use of sketch-sheets for orders to the shops is recommended 
for all minor and temporary matters which can easily be presented 
in this way, and for much of the details of geneml drawings, 
such as the simpler forgings, castings, etc. For this purpose 
a sheet measuring about 9 x 12 inches is preferred, and should 
be cross-ruled into squares of one-'juarter inch each, thus facilitating 
the practice of sketching accurately to scale, and dispensing with all 
need of a ruler. The sketch-slioet should be of quite stiff paper or 
card-board, and should also have a neat printed heading at its top, 
with blanks for the insertion of the order number, date, name oi 
draughtsman, etc. All sketches on these sheets should be made in 
copying ink, and should be numbered consecutively. As soon as 
finished they should be press-copied in an ordinary letter-book, 
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thus enabling a fac-siinile of every sheet to be retained in the draw- 
ing office, which, by means of the reference system described below, 
is conveniently accessible at any time. Persons unfamiliar with 
this mode of preparing, copying, and indexing sketches will be sur- 
prised on trial at the large amount of work which can be con- 
venientl}' treated in this way, and at the marked economy it ac- 
complishes as compared with the ordinary system of drawings. 

Templates or full-size drawings, whenever required for any 
purpose, should be always prepared in the drawing office rather 
than by the foremen or workmen in the shops. The chances of 
error are thereby lessened, and the work can always be done better 
and more economically than by persons not habitually engaged in 
it. In like manner all lists of bolts, timber, or materials of any 
kind should be prepared in and issued from the drawing office, a 
record being kept by means of the letter-press process, in the same 
manner as in the case of sketch-sheets. 

Pencil sketch books, or " blotters," should be provided for every 
draughtsman, with instructions that alloi his preliminary sketches, 
calculations, and notes of all kinds shall be originally made in these 
books and not on loose sheets of paper. For this purpose a book is 
recommended measuring al)out 7 by 8^ inches and containing about 
125 sheets of soft white paper, suitable for use with pencils, but sized 
so that ink may also be used. The pages should be entirely plain, 
without ruling or printing. Such books can be had Jii quantity at 
a cost of about forty cents each, which is but little more than the 
cost of paper. A short trial will convince the most skeptical of 
the great advantage resulting from this plan. By means of it every 
sketch or calculation is preserved and is easily accessible for future 
reference. Every engineer knows well how frequently he is re- 
quired to make over estimates, calculations and detail tlimensions 
where it is his habit to do such work on ran(h)m sheets which are 
not preserved, and how constantly his time is sj^ent in doing over 
work which he has often done manv times before, a record ot 
which, if easily accessible, would save much valuable time. Where 
these sketch books are used it should be an imperative rule that all 
sketching an<l iiguring should be douo in them and not on loose 
sheets. To insure this, no effort should bo made at neatness or 
nicety, and under no circumstances should original work be done 
on loose sheets and transcribed into these books. Their purpose is 
to serve as original rec(»rils, and to preserve in their entirety all of 
the work and notes of the engineer or draughtsman for reference 
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not only in the case of reproduction or alteration of designs, but also 
for the verification of work and tracing up of errors. 

The blue process of printing from tracings is now employed in 
almost all large establishments, and where it is in use economy 
in drawings is promoted by the following system : £ach origi- 
nal drawing is completed in pencil on the usual drawing paper ; 
a tracing in ink, on linen, is then made from the pencil drawing, 
and this tracing thus becomes the finished original ; blue prints 
from this tracing supply the requisite duplicates for the shops or 
for mailing to customers. If at any time an alteration is required, 
the original pencil drawing is utilized for this purpose, and a new 
tracing made, the latter recexviug Rdisti?ictive number (thus distin- 
guishing it from the first tracing), the numbers and dates of each 
successive tracing being noted on the original pencil drawing. The 
original ])encil drawings should be kept at the bottoms of their re- 
spective drawers, and the linen tracings above them, in the same 
drawers. The pencil sheets are not again referred to unless needed 
for purposes of alteration. The linen tracings thus become infact 
the original drawings, and should never, under any circumstance, 
be removed from the drawing office. Where the expense is not ob- 
jected to, the original sheets may be inked in, and are,'of course, 
somewhat handsomer ancl more satisfactory than tracings, but in 
most cases the increased cost is not justified. 

The indexing of drawings, so that they may at any time be 
quickly found and referred to, is a matter of much importance. A 
method for accomplishing this is clearly explained in tlie following 
" instructions." It requires a few books of record and two brief 
entries for each drawing or sketch. Experience has proved the 
system to work well in practice, and to accomplish all that it aims 
to do. The marking of patterns, so that they may be easily recog- 
nized and quickly traced, is ahnost as important as a system for in- 
dexing drawings. The one herein explained has the merit of sim- 
plicity and tlie identification of every pattern with the drawing or 
sketch from which it originates. This latter feature should be 
made the basis of any system of marking patterns, and cannot well 
be done in a tnanner more simple or more easily understood than 
that herein explained. 

The adaptation of any system of drawings and patterns must of 
course be made with reference to the special business in which they 
are employed and to the special class of products they relate to. 
Tills paper is merely intended to indicate a few of tlie salient 
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« 

points wliich experience has shown to be of value in such work, 
and to aid in the improvement of drawing-office methods by illus- 
trating a system which has been carefully considered and developed 
in connection with a large business, and which experience has 
shown to be well adapted to its purpose. 

Appended will be found in extenso the "instructions relating to 
di*awings and patterns," and also the design of " titles for dmwings " 
which have been adopted in the works under the writer's manage- 
ment, and which are above referred to. 



THE YALE & TOWNE MFG. CO. 

INSTRUCTIONS AS TO DRAWINGS AND PATFERNS, 1883. 

Size of Drawings, — Drawings for Scales, Gauges, and Testing 
Machines to measure 23x31 inches, when trimmed. 

Drawings of Post Office Work to measure either 27x35 inches, 
or 17^x27 inches when trimmed. 

All other drawings to measure 27x35 inches, when trimmed. 

Border, — Every finished sheet, whether drawing or tracing, to 
have a rule or border around it, with square corners. This rule to 
consist of a double line, measuring 10-100 in. over all, composed of 
an outer line .04 in. broad, a space of .05 in. and an inner line of 
.01 in. A clear space of .50 in. to be left between the border and 
edge of the sheet. 

In the case of small P. O. drawings all of the above dimensions 
to be reduced one-fourth. 

Titles, — Every sheet to have a title-panel at its right-hand lower 
corner. 

This panel to measure 7x2f inches outside, and to be enclosed 
by a single line .04 in. wide, with corners cut with a .25 in. radius. 
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A space of .30 in. to be left between the panel and the border 
enclosing sheet. 

Tiie lettering within the title-panel to conform to the standard 
model, and to be of uniform style in all cases. 

Scales. — All regular drawings to be made to one or more of the 
following scales, viz : 



NATURAL. 

f Size Full Size. • 

^ '* 6 inches=l foot. 

i " 8 '* 1 ** 

i •* l\ *» 1 

f\> '• \ " 1 

ht " ^ ** 1 

k-^ " h •• 1 ** 



(i 



BY INCHES. 

J Size 8 inche8=l foot. 

L «< 4 <» J^ <( 

i " 3 *' 1 " 

h " 1 " 1 *' 

h " i " 1 ' 

h " i '* 1 " 



«< 



The scale of each drawing shall be noted thereon both hy inches 
arid hy proportion ; thus " Scale 3 ins.=l ft. or {P 

I very dimension necessary to the execution of the work is to be 

cloarly stated hy figures on the drawing so that no measurements 

need be taken in the shop by scale. All measurements to be given 

^'ith reference to the hase^ or starting point, from which the work 

^lioiild be laid out. 

Numbers of Drawings. — Every sheet to be numbered consecu- 
tively, as soon as started, with .25 in. plain figures, in black, at the 
lower left-hand corner just within the angle of the rules or 
border. 

Nmnhers of Patterns, — On each original drawing containing any 
new patterns the several pieces which require patterns shall be let- 
tered distinctly A, B, C, etc. The patterns made from such draw- 
ing will be marked with the number of the drawing and the 
indicating letter above referred to. For example, the pattern 
lettered A on drawing No. 1027 will be marked and known as 
1027-A. 

When existing patterns are utilized in a new design or 
machine their original number is to be noted on the drawing in 
which they are shown in their new employment. Thus, if in 
drawing No. 1028 use is made of the pattern above referred to 
it will be marked on the latterdrawing "1027-A," whileother new 
patterns, shown for the first time in drawing No. 1028, will be 
simply marked A, B, C, etc., on the drawing, and will themselves 
be marked and known as 1028-A, 1028-B, etc. 
Number of Piece.— Vf lien it is desired to give a distinctive No. 



200 



A DRAWING OFFICE SYSTEM. 



to each part or piece of a machine, such numbers shall coftimence 
with 1 and continue consecutively. 

These numbers sliall be noted in plain black figures on the draw- 
ing in connection with the pattern No., as explained below. 

NuinherH and Marks. — In connection with each important piece 
on each drawing there shall be noted the following particulars: 

(1) The consecutive No, of the j/iece^ where such numbers are 
given. 

(2) T\\Q pattern htter 07' No. If the piece requires no pattern, 
the fact to be indicated by placing a in the position which would 
otherwise be occupied by the pattern Iso. 

(3) The number required of the piece or part to complete one 
machine. 

These three numbers or marks are to be written on the drawing 
consecutively, one following the other, with a hyphen between. 
Thus, if the part is No. 5, the pattern D and the No. required 3, 
the marks would be "5 l)-3.'' If the pattern were old, the marks 
would be '' 5-1027A-3." If no pattern were required (as in the 
case of a forging), the marks would be " 5-0-3." 

Wherever the drawing admits of it, these marks are to be placed 
directly upon the representation of the part they apply to. Where 
this is not possible, or would lead to confusion, the marks shall be 
placed at one side, with an arrow or pointer connecting them with 
the piece to which they refer. All of these marks to be in black 
ink and considerably heavier than the figures used for dimensions. 

Materials. — The material of which each part shown by the draw- 
ing is to be constructed shall be indicated thereon by means of the 
following symbols, viz : 



CI.— Cast Iron ; 
01. — (.iun Iron ; 
Bz. — Bronz«» ; 
TS.— Tool Steel ; 
SC— Steel Castin^^; 
CIJS.— Cold Rolled Steel ; 
WP.— White Pine ; 
Ok.— Ortk ; 
Ch.— Chern- ; 
\Vh. — White wood ; 



WI. — Wrought Iron ; 

m. — Brass ; 

MS.— Machinery Steel ; 

HS. — BvBsemer Steel ; 

SMS.— Sit inens-Martin Steel ; 

SP. — Spruce Wood ; 

YP. — Yellow Pine ; 

As. — Ash ; 

BW.— Black Walnut ; 

My. — Mahogany. 



Fiyiish, — The kind of finish reqnired on each of the different 
parts shall be indicated on the drawing by means of the following 
symbols, viz: 
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i).=DREB8ED OB TooLED, and indicates that the surface to winch 
it applies is to be dressed off in whatever manner its nature or shape 
best admits of. 

F, =FiNE Finish, and indicates that, after planing or turning, the 
surface is to be further finished by file or emery. 

P.=PoLi8HED, and indicates polishing by means of emery wheels 
or a similar process. 
/Sl=SoRAPED, and indicates scraping down by hand. 

G, i^.= Grinding Finish, and indicates that the only finish to be 
allowed is that necessary for grinding. 

6''.=Gai)Ge Dimension, and is to he prefixed to the measurement 
to which it applies. Thus, G 2.75 in. indicates that in finishing 
the work this dimension is to be obtained by using the2f in. stand- 
ard gauge. 

Salt Lists. — On every drawing showing either bolts or parts 
^^hich require bolts for their attachment, there shall be a " Bolt 
List," written in clear fignres and contained in a table or panel 
placed, if possible, near lower left-hand corner of sheet. 

The columns on the "Bolt List" shall give the following informa- 
tion, viz : 

Piece Number ; Diameter ; 

Number to Set ; Length ; 

Metal ; Length of Thread ; 

Body, Finish of ; No. of Threads ; 

Head, " Kind of Head ; 

Nut, " Kind of Nut ; 

Remarks and Sketches. 

The length of bolt shall be the length from under side of head to 
Point, orfroin point to point in case of a stud bolt. Where standard 
^bread is to be used it may be indicated by an " S " in thread col- 
umn. If special, give number of threads per inch. 
The several kinds of bolts shall be known as follows : 
Through Bolts, with head on one end and nut on the other. 
Stud Bolts, one end screwed into the work and the otiier fitted 
^ith nut. 

Tap Bolts, with head on one end and screw on the other. 
Through bolts are always to be used if possible, Stud bolts are 
to be preferred next, and Tap bolts last. 

The kinds of finish of bolts and the symbols therefor are as fol- 
lows: 
5.=" Black" — indicating that the bolt is to be left as forged. 
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T.="TuKNEi>" — indicating that tlie bolt is to be turned, and its 
head and nut finished bright. 

i^.=" FiriKD '' — indicatiniif that the bolt is to be turned and aecu- 
rately fitted to its hole, so as to be " body-bound " to serve as a 
dowel. 

The style of heads and nuts to be indicated as follows : 

Hex. for hexagon. 

Sq. for square. 

Ro. for round. 

Unless otherwise specified, all bolts and screws are to be made in 
accordance witli tlie Company's tables of standard sizes. 

Index of JJrawinrjs. — A book, having this title, will be kept in 
the drawing office by the clerk. Each of its pages will contain five 
spaces, numbered consecutively. 

When starting a new drawing the draughtsman will apply to the 
clerk for a number, and will be allotted the first unappropriated 
Xo. in the Index Book, the name of the draughtsman being writ- 
ten opposite it in pencil to show that it is taken. 

Whenever an original drawing is finished, or, if in pencil only, 
when the original tracing is finished, the draughtsman will hand 
the same to the clerk, who will immediatelv cuter in the Index the 
title of tlie drawing, its date and date of tracing, and the No. of 
the drawer in which it is to be placed, which will be given him by 
the draughtsman. The drawer !tfo. will be entered in pencil, so 
that it may be easily altered if the drawing is changed from one 
drawer to another. 

Drawiny liegisters. — A series of Drawing Begisters, or record 
books, will be jn-ovided, one for each class of drawings. The pages 
of these books will be ruled to contain the title of the drawing, the 
name of the j)arts or pieces it represents, the No. of its drawer 
(which will be entered in pencil), and the drawing No. 

At convenient intervals the clerk will post these books from the 
"Index of Drawings,'' at the same time noting in the latter the 
book and folio in which each drawing is recorded. 

Each llegister or record book ^vill 1)0 paged, and will have an 
alphabetical index. Accounts will be opened with each important 
machine for which drawings are started, and sufficient space reserved 
to contain all the drawings likely to be made. Miscellaneous draw* 
ings will be classed under certain general heads and entered in like 
manner. Sketch sheets (except where reproductions of parts shown 
on drawings) to be noted in the Tlegisters in the same manner as 
drawings, by giving the Xo. of copy-book and page. 
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These records will thus give a complete list of the drawings and 
sketches pertaining to any machine, so that, if the latter is to be 
reproduced, a complete list of the drawings is available, and the 
No. and location of each drawing ascertained. 

Separate Registers will be provided for each of the following 
classes of drawings, viz. : Cranes, Hoists, Scales, Pressure Gauges, 
Testing Machines, Post Offices, Tools, and Buildings. 

Drawers, — Each Drawer will have a No. and a Title-card (indi- 
cating its contents) on its front, and a " Contents-card " inside. The 
latter shall measure 8x12 inches, and shall either be pasted on the 
card-board sheet covering the drawings, or upon a thin board slightly 
larger than the card and attached to the drawer by a cord 24 inches 
long. 

The " Contents-card " will be ruled in three vertical columns, the 
first stating the No. of the Drawing ; the second, the Machine it 
relates to ; and the third, the Parts it shows. Whenever a drawing 
is first placed in its drawer its No., Title, etc., are to be imme- 
diately entered upon the " Contents-card " of such drawer in ink. 
If at any time the drawing is transferred to another drawer this 
entry will be canceled b}^ ruling out. 



INSTRUCTIONS FOR MARKING PATTERNS. 

Patterns. — To be made and finished as heretofore, all core-prints 
of wood patterns being painted black, and the abutting faces of all 
detachable pieces being painted red, so that when the pattern is 
complete no red surfaces are seen. Sinking heads and gates to be 
colored green. 

Nuwhers, — Each pattern to have plainly painted or stamped 
upon it its pattern No. or mark, consisting of the No. of the drawing 
from which it originates, with a letter added thereto, as indicated 
on the drawing. Each pattern, until altered, will be always desig- 
nated in the above manner. 

Alterations, — Whenever a pattern is altered, under instructions 
from the drawin<r office, the drawing or sketch thereof shall indi- 
cate the old and new pattern marks. ^ 

Where the alteration is intended to be permanent, and where 
tlie pattern is retained solely for use in the machine for which it 
was originally designed, the original mark on the pattern shall be 
canceled by drawing through it a straight horizontal line, and the 
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new No. be marked on the pattern immediately under or above 
the old. 

Where the alteration is to adapt the pattern to Bome new 
machine, without interfering with its subsequent use for its original 
purpose, the drawing indicating the Alterations shall giweyjirstj the 
original pattern marks, and, second^ the marks of the altered pattern. 
The latter will consist of the original mark, underscored by a heavy 
line, and beneath this line the No. of the drawing or sketch 
showing the alteration, followed where necessar\' by a designat- 
ing letter, thus JJ^ A The mark on the altered pattern thus 

indicates both the source of the alteration and of the origi- 
nal. Where the alterations consist in the addition of pieces 
to the original pattern the alteration marks will be placed 
only upon such additional pieces. Where, however, the pattern it- 
self is altered the alteration mark must be placed permanently on 
it and remain until the pattern is again restored to its original con- 
dition, whereupon the alteration marks will be obliterated, leaving 
the original No. or mark on the pattern. 

DISCUSSION. 

Mr. Emery. — Mr. Chairman, I hear the remark all around me 
that tliat is a very good paper. 1 think we should all say so. I do not 
think, however, it is a matter admitting of much discussion. I am 
very much obliged to Mr. Towne for his labors in this direction. 
It will help us all out once in a while. 

Mr. Walker. — In reference to the paper that has just been 
read, Mr. Towne speaks of taking a drawing in the usual way, 
with a pencil, taking off a tracing from that, and then taking the 
blue prints. 

Many of our members may not know of a new method of mak- 
ing drawings on bank-note paper, which, since blue prints have • 
come into use, I think deserves notice. To make first a pencil draw- 
ing on paper, then to make a tracing from that, and then to make 
blue prints, for the shop, makes three distinct operations. But 
Mr. Well man, of the Otis Steel Works, in Cleveland, has com- 
menced this new plan, taking a thin paper very similar to bank- 
note paper, made very nice and even. It is stretched on a board 
with a regular background of white drawing paper below, and it 
can be worked on very nicely. From this drawing when it is 
finished the blue prints are taken and it is filed away. The 
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originals occupj^ very little space in thickness. You can pile about 
ten tiroes as roany sheets in a drawer as you can of ordinary 
drawings. I think this is worth noticing, and any of our members 
who will write to Mr. Wellman, of the Otis Steel Works, will get 
all the information they wish. 

Prof, Webb, — I have in my university work found the necessity 
of keeping myself posted and finding out what practical men are 
doing, and to me the paper just read is of very great value. I hope the 
subject will be continued, that we sliall have other papers, and that 
either some conclusion will be arrived at as to the best system, or, 
at least, that we shall find out from the discussion the difterent sys- 
tems that are used. 

I feel confident also that you are equally interested in knowing 
what we are doing in university classes, because you take our 
students and put them in your drawing-rooms, and it seemed to me 
that you might be glad to see specimens of our work, and be in- 
terested by a description of some of the methods we employ in 
teaching drawing, and 1 had hoped to present a brief paper and 
secure a discussion upon them. 

I have had charge of part of the drawing at " Cornell " for only 
a year, but I have commenced some work of my own, which is en- 
tirely diflerent from copying from books or blue prints. It is an 
original work, and as there was a drawing nearly finished, which I 
thought would indicate what wo are doing, I asked one of the 
students to loan it, and I tried to take some blue prints of it. They are 
nearly a failure, but they will show you what the drawing is. I have 
brought with me some of the simple tools which we use. I do not 
present tiie drawing as a specimen of finished work, for it is not 
finished, nor have the imperfections been taken out, and it is the 
first piece done by the student, who is a lower classman, admitted 
to the class by special permission. My object is to explain the 
methods of teaching — not only the methods of producing the proper 
effects of light and shade, but more particularly the methods of 
training men to think, because in a class in drawing, as well as in 
any other subject, students may be trained to think accurately and 
correctly, and if this be not done, it is the neglect of a great op- 
portunity. 

With these remarks, I will close, and will lK)pe to continue the 
subject at a future meeting. 
14 
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CLXIV. 

A POSITIVE JSP FED INDICATOR. 

BT OBEBLIN SMITH, BBISOETON, N. J, 

]Sefore describing the instrument referred to in the title, a brief 
glance will be taken at the various Speed Indicators in common use, 
noting that the word " speed " is used in the ordinary sense, mean- 
ing speed of rotation, the unit of whicli is revolutions per minvie. 
These instruments are used for ascertaining the rotative speed of 
shafts of all kinds, and consists of two general classes, namely : re- 
cxyrding^ and merely indicating. To the former class belong such 
instruments as record, by means of a diagram, all the variations of 
speed which have taken place within a lixed period of time. The 
speed is, however, ascertained approximately only, by means of a 
centrifugal mechanism, working upon the same principle as an 
engine governor. 

In the second class (indicators merely) we find two general groups ; 
the first of these point out the speed at any given instant by means 
of an index finger upon a dial, or a mercury column against a scale. 
They depend for their action upon centrifugal force, and, of coarse^ 
give but an approximate reading. Those of this class which are 
portable, and capable of being carried in the hand or applied quickly 
to any shaft, are arranged with weights to fly outward from the 
axis by means of centrifugal force, and are probably the most 
convenient thing to use for ordinary work, within certain spe.ed 
limits. Such instruments as depend upon the centrifugal action of 
a cup of mercury are not portable, as far as known to the writer, 
but have to be driven from the shaft which is being tested by means 
'of a belt or other connection. These would not appear to be capa- 
ble of accurately indicating very slow motions, say as low as ten per 
minute, or very rapid speeds, say up near 10,000. 

In the second group are found several varieties of the ordinary 
pocket " Speed Indicator," some of which register a hundred only, 
while others can be read up as high as one thousand. They are 
none of them, however, automatic, and consist really of a device to 
"slow down" the number of revolutions in question, so that the 
counting can be done by the operator with a watch in his hand. Of 
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course, they are not accurate, as the "personal formula" of the op- 
erator has to be taken into consideration, as well as his normal sup- 
ply of carelessness. There is also an error (varying with the ve- 
locity) arising from the inertia and momentum of the spindle of 
the instrument, which do not allow it to start and stop instantly 
— that is, as they are usually made, with obtuse driving edges 
pushed against a smooth conical '* center" in the shaft. The chief 
merits of these little machines are their cheapness and portability. 
When combined with a w^atch, they answer a very good purpose 
for ordinary use about line-shafting, but ai^e not definite enough for 
such work as testing our modern high speed engines — such, fur in- 
stance, as a "straight-line" engine recently purchased by the writer, 
which will vary only about one revolution in two hundred, with a 
load variation from nothing to 40 horse-power. 

There is one "speed indicator" in use that is positive in its ac- 
tion (being composed partly of af clock), but it has little in common 
with the instruments in question, as it merely shoWs whether the 
shaft with which it is permanently connected varies from a given 
standard speed to which the gearing of the indicator is adapted. 

To accomplish such work as was before mentioned, and other 
speed- testing that needs to be definite^ the writer has contrived a 
machine to count automatically the actual number of revolutions, 
madcj in one minute, of any shaft to which it may be applied, — 
whether it be ten or anywhere upward to 10,000. This variable 
capacity makes it alike applicable to overshot-water-wheels and to 
cotton-spindles ; with sundry dynamos, high-speed-engines, shaft- 
ing, etc., between. It consists essentially of a clock movement so 
connected with a dial-indicating-mechanism that it will throw the 
latter into gear with a spindle which is driven from the shaft to be 
tested exactly at the heginninc/ of a given minute and out of gear 
exactly at its e7id. After the expiration of the minute there is some 
"waste" time allowed (preferably about one iialf a minute) before 
the clo(;k can commence another counting cycle. At any time 
during this half minute tiie instrument can be removed from con- 
tact with the shaft, set back to zero, and applied again, there or else- 
wliere. This " overtime " gives opportunity for a leisurely applica- 
tion and removal, and allows the spindle to attain the full speed 
of the shaft before it is called upon to do any indicating work. 

Upon the accompanying plate, Figs. 62 and 63 show the instru- 
ment in elevation and partial sections. When not indicating speeds 
it answers a good purpose as an oiKce clock. This machine, being 
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the first of its kind, is eoneiderably larger and heavier than it wo 
need to be if m an ufac tared in quantities, — in which case it mij 
1)6 made for an ordinary pocket, whereas this requires an overe 
pocket. Its weight is 23 lbs., and the extreme size of tlie case 
X 3J X 2 inches. The Imlk is greater than it would have been li 
a Bnialler clock been at Iiand with siiftieient power to do the woj 
It could be reduced still more by using a special "movemen 
whicii wonld run but a few minutes instead of thirty hours. A 
other reduction in bulk coitld be made by lessening the size of t 
dials, and printing upon them only every tenth number, wi 
scratch marks between for nnits, as in the pocket-indicators. It w 
thought best, however, to let every number from 1 to 10,000 she 
in plain figures without any mental calculation to connect the res 
ings of the two dials. 

lieferring to tlie drawings: Fig. 02 is a front view, as it stan 

Front 



Partial Sec. 




upon the desk or is held while operating. Fig. 68 is a Becti 
through the center of Fig. 62 at u v, looking from left side, f 
64 is a section through the dial-wheels, etc., at y z, Fig. 63, looki 
from front. The construction and operation are as follows: 
case A are mounted spindle B, clock C, dial-wheels D and E, clut 
lever F, center-punches G and H, etc., together with their neceea 
journals and supports. The motions are as shown by arrows. 1 
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clock is wound and set by knurled discs at the back without the 
use of a key. Mounted upon the clock is time-wheel I, which 
makes one revolution in 1^ minutes. Sunk into I is an annular 
groove, extending § way around, whose motion from end to end 
represents one minute of time. At each end a groove runs out 
radially, and between the extremities of these latter an annular 
space extends the other ^ way around the wheel, representing the 
\ miDute of " overtime " before referred to. Working in these 
grooves and space is a pin, extending back from lever, F. Upon 
wheel I is a cam actuating F by means of the double spring J, and 
giving F a tendency to stay up and down alternately. Whilst 
the tendency is up the half-minute space comes around, and F flies 
up quickly as soon as the radial groove will allow. By the time 
the other radial groove arrives at the pin the tendency is down^ and F 
descends quickly from its one minute rest. The groove is not made 
to act as a cam to push F up and down, because it could not then 
be radial at its working points, and would have to have a slope of 
say about 45'' with a radius, which would give a slow motion to F. 
One side of it is sloped off, however, so as not to break the clock in 
case the spring should accidentally fail to act. 

Loose upon spindle B is sleeve K carrying a worm and an au- 
tomatic-stop-clutch, similar in principle to those used upon power 
presses. The swinging pawl, L, of this clutch engages by a spring, 
whenever allowed to do so, with teeth upon a disc M, keyed fast to 
spindle. Thus the spindle can be placed in contact with shaft to be 
tested, and will run free while L is held away from teeth of M by 
the trip-pin N, projecting from F. As soon as F descends, at the 
beginning of the minute, L engages with M, and the whole indicat- 
ing mechanism, driven by worm on K, begins to act. At the end 
of the minute F rises and, catching against the sloping surface 
of L, pulls it out of gear, and also acts as a positive stop to the 
further revolution of K by momentum or friction. The shape of L 
is such that it can also be tripped by N in case of the accidental 
backward rotation of B and M. The spindle normally revolves in 
but one direction, and can be applied to a shaft at either end, ac- 
cording to which way the shaft is running. As an improvement upon 
the usual obtuse-angle shape, the driving edges at ends of spindle 
are made acute, so that their working faces are radial, and do not re- 
quire so much end pressure by the operator to keep them from slip- 
ping out of the slight grooves which are supposed to exist in the 
shaft center, and which in this case may really exist by means of a 
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slight tap with one of the center-punches G or i7, which are right 
and left-handed respectively, and have in them teeth, milled out 
uniform with those in ends of spindle. These punches can be used 
while shaft is running, and have upon them ball heads to serve as 
feet for the office-clock personality of the instrument, when screwed 
into the sockets in which they are kept. 

The dial-wheel D has a 100-toothed worm-gear projecting from 
its edge, driven by worm on N in the ordinary manner. It is, how- 
ever, larger than usual, so as to have room upon its annular face for 
100 legible numbers — ^from 00 to 99. It is cup-shaped and revolves 
upon a hollow stud O, which is a part of the casting that forms the 
spindle bearings. It is held forward against a stationary arm Q by 
spring R. It carries a radial pin P, which, once in each time 
around, revolves an intermediate 5-toothed pinion S, having its 
bearing in a boss upon Q. Upon front of S is a pentagonal disc 
which locks S from turning by resting against interior of D, except 
at the proper time, when one of its angles can pass by entering a 
notch provided in D. Projecting from the slow dial-wheel E is a 
100-toothed spur-gear, driven by S. Thus D revolves once for 
each 100 revolutions of K, and E once for each 10,000 revolutions. 
Upon the face of E are a set of numbers like those on D, but pro- 
gressing in the opposite direction. The combination of two of 
these numbers, read through a rectangular slot in the face-plate of 
case, shows any number of thousands up to ten. The wheel E has 
a shouldered stem, running inside of stud O, and is pushed forward 
by a spring around the stem — being stopped by a knurled head T, 

screwed tightly on. By grasping T both dials can instantly be set 

to zero, without running the spindle around a hundred or so times^ 
as in tlie ordinary instrument. When T is pulled back, it pulls 
througli about -^^' clearance space and then against a shoulder in 
side of D. Upon pulling further (against both springs) D is pulh 
far enough to slide out of gear with the worm and can then b- 
revolved by the friction of E, where the latter bears upon tl 
shoulder. Tliis l)earing is of much larger diameter than whej 
spring R presses in the other direction, and therefore, with this ii 
creased leverage, D is sure to move — that is, until pin P strikes bo 
upon Q and stops D at the zero point. After this E alone mov 
(the friction contact slipping), and when its zero-point is reached 
is released by the operator — allowing the springs to return bol 
dials to their normal positions. 

As this particular instrument is arranged, it will count wh< 
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revolutions only; but it can obviously be made to count fractional 
parts of a revolution by i>utting more than one clutch-pawl (L) 
around about K. This would increase its delicacy at the stopping 
point. Its degree of delicacy at starting is determined by the 
number of teeth in spindle collar M. In this case there are eight, 
which is sufficient for all practical purposes. Thus the time lost 
after the minute has begun, before counting commences, is the 
time necessary for lever F to spring down, plus a wait of less than 
\ revolution. The first item is approximately balanced at the end 
of the minute by the time required for F to spring up again. The 
wait at this end is something less than one revolution with one 
pawl ; less than i^ with two, etc. 

In further reference to a reduction of bulk, the writer had thought 
of using a " Waterbury watch " for the timing mechanism, but 
found that its action would be too weak to drive the mechanical 
connections. It was then planned to operate the clutch lever F by 
an electro-magnet, making the connections with the watch electrical 
This would make a very delicate machine, and would enable the 
issue of a " vest-pocket edition," so to speak. It would, of course, 
have to contain a small battery, and in consideration of the bother 
of keeping this in working order, the preference was given to tlie 
present mechanical form. 

In conclusion, the advantages sought for in this construction 
may be summed up briefly as follows: Portability, absolute count- 
ing, definite reading, with either direction of motion; large 
capacity for variation in speed ; convenience of manipulation, and 
moderate cost. Whether these are all attained can perhaps be 
better determined after some further experience in its use. 
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CXLV. 

NON-CONDUCTING COVERINGS FOR STEAM-^PIPES. 

Further Experiments 

BY PROP. JOHN M. OROWAT. 

\^8eeond Paper.'] * 
Presented by C. J. H. Woodbury, Boston, Mass. 

In making the trial of steam-pipe coverings described in the for- 
mer paper, the only place available was a room occupied with machin- 
ery ; and as the steam-pipe could not be extended or changed in 
place, some desirable arrangements could not be carried out. The 
removal of the machinery and the enlargement of the room at length 
gave a chance to mount pipes for the special purpose of making 
further experiments. A connection was made with the main pipe 
conveying the steam of three boilers in which the pressure is main- 
tained at about 65 lbs. A valve admits the steam to a short hori- 
zontal two-inch pipe provided with a pocket to receive whatever 
water may come forward. An elbow above the pocket conveys 
the steam into a slightly inclined two-inch pipe, also provided with 
a pocket, from which the water condensed in this two-foot length 
of pipe can be drawn off as it accumulates. The steam passes up- 
ward and through an elbow to a thirty-foot length of two-inch pipe, 
likewise provided with a pocket, and thence into a horizontal pipe 
with some side connections, and through a smaller descending pipe 
into a trap connected with the return pipe. The side connec|;ionB 
are inclined two-inch pipes, 2^, 5, and 10 feet long, capped at the 
outer ends, the caps being provided with small stop-cocks for draw- 
ing off the condensed water. It is thus made possible to determine 
the condensation in two feet and thirty feet of transmitting pipe, 
and in 2J^, 5, and 10 feet of blind pipes simply receiving steam. It 
had been a question whether condensation would be proportion- 
ally the same in long blind pipes as in short ones. It is conceiva- 
ble that with very long pipes of small diameter there might be a 
difference. But it is found that ten feet of two-inch pipe con- 
denses very nearly four times as much as 2J feet. 

The determinable condensation in the transmitting pipes has been 

* See page 73 of present volume. 
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found anomalous, and by no means proportionate to the lengtlis. I 
have been much puzzled to account for the strange behavior of 
these pipes, and have even gone so far as to change the arrangement. 
But the irregularity still continues. It is evident that the water 
formed does not all find its way into the proper pockets, and that 
moving steam must sometimes carry forward not a little mist. 

Before placing much reliance on the results obtained in the way 
of condensation, it is proper to ascertain the quality of the steam at 
various times. For this purpose small cocks were screwed into the 
fittings in three places, and to them there were attached spiral coils 
of brass tube of ^ inch bore, open at the end. Each of the coils 
is inclosed in a calorimeter of about twelve litres capacity. A 
weighed quantity of cold water is introduced into the calorimeter, 
and the steam is allowed to blow in for some three minutes. From 
the temperature of the steam and the increase of the water in 
weight and temperature we may easily calculate the percentage of 
mist in the steam. In many trials the steam has been found to be 
dry, while in others the proportion of mist ranges from two or 
three up to forty-two per cent, of the whole. This "priming" 
of the steam comes unexpectedly, and may last but a short time ; 
but even a short continuance is sufficient to vitiate any determina- 
tions of lost heat based on the latent heat of the supposed steam. 
As there is no instrument which, like the thermometer, renders va- 
riations visible, changes may come and go unsuspected and un- 
known. 

There is another source of inaccuracy in trials by the condensa- 
tion method. The water must be drawn off frequently, and let off 
while it is far above 100° C. Consequently, much of it changes 
into vapor and escapes. I have endeavored to obviate this difficulty 
as far as possible by letting out the boiling water slowly, and run- 
ning it through a long, twice-bent glass tube into a flask. But the 
precautions are by no means perfectly effectual. Any more com- 
plicated apparatus for drawing off the water would add a mass of 
cooling metal that would of itself be a source of error. 

It was desirable to try the relation between the condensation 
that occurs when the heat is transmitted to the air and that which 
takes place when the covering is surrounded by water. Hav- 
^ng a blind ])ipe thirty inches long, a new calorimeter was made 
twenty-eight inches long, — not in halves to be clamped together, 
but whole, to l)e slipj)ed over the end of the pipe. With this ar- 
rangement it is possible to determine the whole condensation of the 
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pipe when the calorimeter surrounds it, and then again when the 
transmitted heat goes into the air. The trials with this apparatus 
have not been so numerous as I could have wished, but they go to 
show that the radiation into air and that into water are very nearly 
the same. 

Being confirmed in my belief of the greater reliability of the 
calori metric mode of testing, I have tried several coverings of sub- 
stances not used in the former trials, or used in a different way. 
Among others, one covering of cork was tried, as it was furnished 
by the " Soci^t^ Anonj^me des Lieges appliques a I'Industrie," of 
Paris. This covering consists of long strips of cork with the edges 
nicely beveled, so that when they are laid side by side around the 
pipe they make an accurately fitting hollow prism, touching the 
pipe along the median line of each inner side. In the case of a 
two-inch pipe, ten strips are furnished. These are first tied on tem- 
porarily till the cork is well dried, and they are then bound on 
firmly with tinned iron wire. Such a covering is neat and strong, 
easy to put on and easy to take off: It is particularly suitable for 
pipes or boilers that are subject to concussions or jarring, like loco- 
motive boilers. Cork is a good non-conductor, but the speciSmen 
sent me was too thin, being only five-eighths of an inch in thick- 
ness. An average of five trials showed a transmission of 26.54 kil- 
ogram Centigrade heat units per foot per hour. Much better results 
were shown by a thicker covering of cork chips coated and cemented 
together with waterglass. This makes an admirable covering, — 
one of the best ever devised. 

It is difficult to apply a perfectly uniform and definite thickness 
of any covering to a round pipe, nor is it easy to impart a precise 
degree of compression to a cylindrical covering. Therefore, a new 
apparatus was set up for experiments with exact thicknesses and 
densities. A short piece of six-inch steam-pipe was provided with 
a malleable iron cap at each end, one of the caps being turned to a 
true face. The other cap was furnished with one pipe for intro- 
ducing steam and another to carry oft* water and excess of steam. 
The turned cap is 7^ inches in diameter. A canteen-like calori- 
meter of brass, six inches in diameter, can be adjusted with its face 
at any desired distance from the turned cap. The vacant interval 
may be surrounded with a strip of pasteboard cemented to the cyl- 
indrical sides of the cap, so as to make a round box with a narrow 
opening on the upper side. Through this opening any substance 
in powder may be introduced, and either left loose or rammed in. 
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This apparatus has enabled me to try the transinissive power of va- 
rious powders and fibrous substances under various degrees of com- 
pression. 

The following list gives th<^ kilogram-centigrade heat units trans- 
mitted per hour through a thickness of twenty-five millimeters : — 

Fine table salt 86 | Magnesia alba, comprassed. 7 



Plumbago 35 

Fine washed sand 30.7 

Coarse washed sand 30.6 

Fibrous Asbestos 24.2 

Air alone 28.7 

Anthracite Coal 17.6 

Finest Sand '. , 15.7 

Flour of Pumice-stone 15.4 

Plaster of Paris 15.8 

Sulphate of Barium 13.2 

Paris White 10.2 

Zinc White 8.5 

Fossil Meal, compressed 7.7 

Fossil Meal, loose 7.2 



Magnesia alba, loose 6.7 

Pine Charcoal 6.8 

Calcined Magnesia 6.2 

Cork CTiarcoal, coarse 6.2 

Cork Charcoal, fine 5.9 

Live geese feathers, loose 5.8 

Live geese feathers, compressed. ... 48 

Cotton, loose 5.4 

Cotton, compressed 4.5 

Wool, loose 5.3 

Wool, compressed 4 

Wool, compressed more 4.5 

Lampblack 4.8 



Peclet speaks of cotton and other filamentous substances, as hav- 
ing the same transmissive power, whatever may be the degree of 
compression, — "quelle que soit sa densite." And this seems to be 
approximately correct for moderate degrees of crowding, but it is by 
uo means exact. Moderate condensation somewhat enhances the 
non-conductive power, because it more fully prevents any motion 
of the entrapped air, and hence any convection. But we soon ar- 
rive at a point beyond which farther compactness does no good. 

It is interesting to observe that at the temperature of 155° C. a 
mere air space is of little service. Probably the greater the heat 
the greater is the need of something to prevent the lively motion 
of the air. Were the arrangement such that the heater was hori- 
zontal, the air space below the level face, and the calorimeter at 
bottom, of course the result would be very different, for then con- 
vection would have no influence. But in any practical use of air 
spaces sucli an arrangement is rarely possibla Unarrested air can- 
not be ranked among the best of non-conductors. Mere air spaces 
are nut to be recommended, except when light is to be admitted 
while heat is retained, as in the case of double windows. 

[Note. — The necessary stoppage *of the steam circulation in the buildings where 
these experiments are made has compelled the author to defer several further in- 
vestigations to a future paper, but these memoranda are given as they stand to 
supplement some details of the previous notes.] 
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CXLVI. 

ON A PRACTICAL SOLUTION OF THE PERFECT 

SCREW PROBLEM. 

BT WILLIAM A. ROOBR8. CAMBRIDOB, MAPS. 

At the outset of a discussion of the problem indicated by the 
title of this paper, it is clearly essential that the term " perfect 
screw " sliall be defined in the most explicit way. Perfect is a 
relative term. For certain purposes a piece of mechanism may 
be perfect, while it might fail to meet the most simple require- 
ments of another problem. In another paper the writer has used 
the illustration furnished by the carpenter who was called to level 
up his comparator, but it will bear repeating in this connection. 
He had been furnished with an astronomical level, but in a short 
time he returned in great disgust, saying that " the level was good 
for nothing — that it bobbed all about." '* But," said he, " I have 
a level at home which will settle at the same spot every time," and 
he insisted that he should be allowed to go home and get the level 
that would "settle at the same spot every time." He was allowed 
to do the work in his own way, and shortly afterward he triumphantly 
pointed out the evidence that the bed of the comparator was per- 
fectly level. It need not be said that the most elementary test 
showed that the bed was not level, notwithstanding the evidence 
pointed out by our good friend the carpenter. 

A piece of mechanism of the class which the French would call 
mechanism of precision may be termed perfect wheji it meets all 
the requirements of the pwyose for winch it was constructed. Let 
us apply this definition to any mechanism which involves the iise 
of a good screw. 

The cross-head of a planer receives its vertical movement through 
two screws. If one screw has a pitch differing from the other, it is 
evident that new adjustments will be required for every elevation. 
But if, after tlie proper adjustment has been made at one elevation, 
it is found that the working parts of the planer remain constant at 
whatever height the cross-head may be raised, the screws may in 
this case pro])erly be called perfect. Yet, if these two screws 
were removed from their connection with other working parts, it 
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would without question be found that measurable errord of pitch 
could be detected and measured. 

A short screw made at the works of the Waltham Watch Com- 
pany will be presently described. If reliance could be placed upon 
the severe tests of direct measurement which have been applied to 
graduations produced by this screw, it might be fairly called per- 
fect. On this bar of speculum metal 5,000 lines are ruled within 
a space of half an inch, producing what is called a diffraction grat- 
ing. When this grating is subjected to examination under the spec- 
troscope, there are certain optical tests of the accuracy of the spacing 
for short intervals which will at once detect errors which must 
always elude the most careful tests by direct measurement. To the 
naked vision there would not seem to be much difference between 
this grating and those produced by Rutherford, and e^ipecially the 
xnagnificent gratings from the machine of Professor Rowland, but 
tried by optical tests the difference is really so great that if all the 
errors could be charged to the screw itself the claim of perfection 
Could not hold for a moment. 

It has been intimated that the eiTors shown by optical tests in 

^ifiraction gratings may not after all be entirely chargeable to the 

^orew. The flatness of the surface ruled, any unequal friction be- 

^^v^een the nut and the screw, the character of the groove cut by the 

^*Viling diamond — these and many other considerations determine 

^tie character of the grating. It is now well known that, severe as 

^l>e optical test is, in the detection of periodic errors depending on 

^iT}gle revolutions of the screw, it fails in the detection of errors 

^^iparated at wide intervals. Indeed, even in the most perfect of 

^^Xl machines, Professor Rowland's, he is obliged to employ a "cor- 

^^^ctor" to eliminate the errors which are beyond the limits of direct 

^^^toeasurement. The writer is well aware that he should speak with 

^^ good degree of moderation in this connection, since he has to a 

Certain extent failed where Professor Rowland has succeeded; but 

^t^rofessor Rowland has a supreme knowledge of the problem both 

*^« a physicist and as a mathematician, and his success has been 

Achieved by the power of keen analysis, aided by his little "cor- 

x^ector " and a precise knowledge how to use it, having as the basis 

of his work a most excellent but not a perfect screw. 

Let us take another illustration. A cathetometer is an instru- 
ment for the measurement of vertical distances by means of one or 
tnore telescopes attached to a vertical standard upon which there is 
a graduated scale, usually one meter in length with subdivisions to 
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millimeters. There are several well-known manufacturers of physi- 
cal apparatus in Europe, who advertise that these graduations are 
without sensible error. An investigation of the errors of several of 
these graduated scales during the past three years has shown that 
in every case they were nearly within the requirements of the op- 
tical power of the telescopes employed, but it needed only the 
most superficial examination under the microscopes of the com- 
parator to place them instantly far below the lowest limit required 
in an exact standard of length. 

Illustrations almost without limit might be multiplied to show the 
necessity of defining the limit of accuracy with which one ought to 
be content in mechanical construction. It goes without saying that 
real progress begins when the mechanician recognizes that there is 
such a limit. A short time since, the writer asked Mr. Sharf)e, of 
the firm of Darling, Brown & Sharpe, if he would undertake to 
grind a perfect cylinder. His reply was very suggestive. He said : 
" We are not making perfect mechanism of any kind any longer 
in this establishment. A few years ago we felt competent to un- 
dei*take perfect work of any and every kind, but we have grown 
wiser since then." Need it be said that the work done by this 
• company is in many respects of a higher grade than it was ten years 
ago ? 

Five or six years ago, the writer was ruling lines 120,000 to 
the inch more or less, and he thought nothing of obtaining for the 
probable error of a set of measures of graduations, figures low down 
in the millionths of an inch. It has since been learned by some not 
very pleasant experience that figures do not always tell the truth, 
especially figures which represent what are known as " probable 
errors " — that while straining at very small gnats, several very 
large camels walked by unperceived. 

Let us now endeavor to answer the question — What ought we to 
expect of a jperfect screw? Those of you who are accustomed to 
make screws will at once say that the answer depends to a large ex- 
tent upon the length of the screw. And so it does under the ordi- 
nary methods of construction, but in the Rogers-Ballon process, 
which will presently be described, it is claimed that a screw 6 feet 
in length can be cut with nearly the same accuracy as a screw 6 
inches long. 

At this point it is important that the errors to which screws are 
subject should be defined with the utmost clearness. They are of 
three kinds : 
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(a) An error in the total length. Supposing the pitch to be 
uniform at every point between the terminal threads, the whole 
length may either exceed or fall short of the unit of length adopted, 
e. (/., the yard at the standard temperature, 62 Fahr. 

{h) Even if the whole length is correct, the pitch of the screw 
for even revolutions may not be uniform. In a perfect screw the 
distance from face to face of every thread in a line parallel with 
the axis of the screw will be the same. That is, the inclined planes 
formed by the threads are every where parallel and equidistant. 

(c) Even if conditions (a) and (J) are fulfilled there may yet 
remain a very troublesome class of errors, which are a function ot 
single revolutions of the screw. If I rule 11 lines corresponding 
to even tenths of a revolution of the screw, I may find, from an ex- 
amination of the spaces formed, that there is a gradual but YQvy 
small increase in the length of each successive space up to a certain 
point, when a maximum value is reached. After this a diminution 
takes place which goes on until the amount of decrease is equal to 
the amount of the previous increase. Errors of this class are 
usually designated " periodic errors," since they are a function of a 
complete revolution of the screw. Expressed in mathematical lan- 
guage, every measured space gives an expression of the form 

A = 7/1 + a sin. X + h cos. a? + a' sin. 2x -{- V cos. 2x, etc., 

in which : 

A =. the required error. 

m = a constant. 

X = the angle of revolution. 

a, J, a'y h\ etc. = unknown coeflicients to be determined from 

a series of equations by the process of 

Least Squares. 

It is important that we shall ascertain what efforts have been 
made to overcome these errors in the construction of screws. 

It is well known that the earliest systematic efforts to place the 
screw problem upon a substantial and scientific basis were made by 
Whitworth, but he profited by the labors of still earlier investi- 
gators. The following account of the early efforts in this direc- 
tion, communicated to me by Mr. II. J, Chaney, Warden of the 
Imperial Standards of Great Britain, is euch a clear and concise 
statement of what was accomplished by the early investigators in 
this field that it is quoted entire, although it was not communicated 
for the purpose of publication : 
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" In the rapid development of steam machinery there was felt a 
necessity for accuracy and intercliangeability in parts, which in the 
screw took practical form nearly half a century since ; first in 
the production of a standard guide screw, and subsequently in the 
demand for a uniform system of screw threads. 

" In this country it is perhaps to the eminent engineering firm 
of Messrs. Maudslav & Co. that we are indebted for the first at- 
tempt to construct a perfect system of screws. For his dividing 
engine, liowever, Mr. Bryan Donkin had constructed in the year 
1828 a standard screw fitted with a compensating bar, by means of 
which tlie errors of different parts of the screw were allowed for. 
Many screws were cut by this machine, some of which were given 
to various scientific friends. Sir Joseph Whitworth among othcFB 
had one of these screws in the year 1843. 

" Messrs. Maudslay had the advantage of the assistance of a work- 
man whose name is now identified with all that is systematic and 
accurate in screw work — Whitworth, and who subsequently left 
them to take part under Mr. Clements, of Lambeth, in the con- 
struction, as I understand, of Babbage's Difference Engine, and 
there produced with Clements the first standard guide screws. 

'' In a paper communicated to the Institution of Civil Engineers 
in 1841, Whitworth discussed the question of the want of uni- 
formity of screw threads, and put forward a series of sizes adapted 
to the use of engineers. These sizes differed from Maudslays', and 
appear to have been a compromise between sizes then generally in 
use. For iron piping, Whitworth took, as is well known, some 
sizes which had been adopted by Messrs. James Russell & Son, 
pipe manufacturers. 

" For engineering purposes the Whitworth thread appears now to 
be generally adopted. For many other purposes tlie want of a 
common standard gauge for screws is much felt. A committee of 
the British Association appointed in 1881 for thepui*po8e of deter- 
mining a gauge for the manufacture of small screws used in elec- 
trical apparatus and clock-work, adopted a pitch similar to the 
Whitworth pitch for all sizes down to a i inch, and also adopted 
the Whitworth thread above or below J inch. This committee 
have made no definite report, and there appears to be much diflfiar- 
ence of ()[)inion on the questions as to the inch or millimeter units, 
the angle of the threads, descriptive number of each size, etc*' 

At the outset of a discussion of the screw problem, and especially 
as a preliminary to any attempt to improve upon existing methods 
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of coiistriictioii, it seemed important to ascertain just what degree 
of ;iecui'acy liad been attained thus far in the manufacture of pre- 
cision screws. Accordingly, in 1879 the writer visited Baltimore, 
Philadelphia, Schenectady, New York and Providence, and obtiiined 
trausfei's from screws by Perreaux, Bianchi, Clement, Brown & 
Sharpe, and Rutherford. As far as could be learned, these were the 
only screws at that time in this country possessing any claim to 
more than ordinary accuracy. In London, a yard with subdivisions 
into inches was obtained from the dividing engine used by Trough- 
ton & Sims in ordinary work. In Paris a meter with subdivisions 
to decimeters was obtained from the dividing engine of Desmou- 
lins-Froment. Access could not be obtained to the dividing engine 
of J^runiujr Freres, but a standard centimeter subdivided to tenths 
of millimeters was obtained from this firm. 

Ap])lication was made to Sir Joseph Whitworth & Co. for a 
screw one meter in length, but the reply was returned that thecom- 
j>aiiy was not prei)ared to do work of this class with the degree of 
precivsion required. Froment, of Paris, however, accei)ted the 
order, but it was not until after two years that the screw was de- 
livered. 

It does not seem necessary to include in this paper a full account 
of the investigation of the errors of these screws. The results can 
be stated iu a few words. 

(a) In only two cases was the total length found to be substan- 
tially correct, — viz., in a yard and meter made by Brown it Sharpe 
and in a meter by Froment. But in both of these cases the total 
length was varied to correspond with the unit of length adopted by 
means of a ** corrector.'' J^rown & Sharpe liave always exercised 
their undoubted right of declining to allow a personal inspection of 
their ])roccsses, l)ut I cannot be tar from right in saying that a cor- 
rector was emj)loye(l not only in the correction of the totjil length, 
but also in the correction of errors due to the irregularities of the 
screw. In Paris, Froment accorded the rare privilege of a personal 
inspection of his dividing engine. It was estimated that the cor- 
rector eliminated errors amounting to about one-tenth of a milli- 
meter, or al)out one-two hundred and fiftieth of an inch. In the 
remaining cases the error in the total length was in no case less than 
one two-hundred-and-tiftieth of an inch, and in one case it reached 
one-tenth of an inch in one yard. 

(b) In every case in whi(;h a corrector was not employed tlie 
errors depending on single revolutions of the screw were very 

13 
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large, while the variation in the pitch at different points along the 
screw varied between yott i"ch and -^-^ inch. 

If one can jndge of the screws made by Gennan inannfactnrers 
by the graduations of German cathe to meters, they would appear 
to be at least of no higher grade, than those of French or Ameri- 
can manufacture. 

It appears safe to conclude that with the exception of the Bnth- 
erford screw, of a few micrometer screws by Alvan Clark & Sons, 
and perhaps of a small number of screws of the same class by Hil- 
ger, of London, by Brunner Freres, of Paris, and by Repsold, of 
Hamburg, there was not in the year 1880 a single sci'ew in exist- 
ence which could be shown by a published discussion of its errors 
to be sufficiently uniform in ]>itch to entitle it to the rank of a pre- 
cision screw. 

One does not need to go very far in assigning a cause for the 
failure to make any important advance in the constrnction of 
screws. According to the existing methods of manufacture, the 
maker of a screw has absolutely no precise knowledge of the form 
and dimensions of the thread which he cuts till the screw is com- 
pleted. It is well known that several devices have been employed 
to test the accuracy of the screw during its construction^ but thev 
nearly all involve l/i^ errors of a corribinution of threadsj instead 
of the errors of siiigle threads. 

It has been the custom to assume that the residual errors of a 
screw can be worked out by grinding with a lead nut. The ordi- 
nary methods of grinding are wholly inadequate, especially in the 
elimination of the errors depending on one revolution of the screw, 
when combined with uniformly increasing or decreasing variations 
in pitch for successive threads. 

The action of a grinding nut may be likened to that of a harrow 
upon a ])loughed field. The harrow will easily smooth down the 
furrows freshly turned by the plough, but it would be making a too 
serious demand upon it to require that it should level down hills or 
even hillocks. The whole difficulty in grinding consists, first, in 
the fact that the action between the nut and the screw is to a cer- 
tain extent mutual, and, second, that the threads of a screw are 
ground in cotnhination^ and not edch hy itself. A grinding nat will 
easily work out short and irregular variations in pitch, but it will 
not eliminate long sweeps of errors except by accident. I shall 
presently recur to this matter in connection with the discussion of 
two typical screws. 
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(c) The afjparent irregvUarities in screws are d/ae^ firsts to the 
errors in the pitch of the screw itself^ and, second, to the unequal 
friction hetween the iiiit, the so^ew, and the ways ujpon which the 
carriage driven hy the nut moves. Abundant experience has 
proved this statement to be true. In the first dividing engine con- 
structed for the writer by Buff & Berger, of Boston, the nut was at 
first connected rigidly with the carriage. After an experience of 
two years it was found impossible to get the same system of errors 
for the screw in successive trials if the slightest change was made 
in the relation of the working parts of the machine. By touching 
a screw here or there it was found possible even to reverse the sign 
of the correction depending on one revolution of the screw. About 
1878 a free met was first employed, Le,, the nut now travels freely 
upon the screw, without the slightest binding, pushing the car- 
riage before it. From that time to this, the system of corrections 
required for the screw has remained unchanged, and I now use pre- 
cisely the same values as were computed five years ago. The con- 
stancy of the corrections was greatly aided by the use of finely pow- 
dered graphite as a lubricant. A similar experience with some 
micrometer screws made for the meridian circle of Harvard Col- 
lege Observatory by Mr. Geo. Clark, of the firm of Alvan Clark & 
Sons, was very instructive. One of the screws was mounted and 
dismounted nine times, and in every case different systems of 
errors were obtained, the extreme difference being about i-^-q inch. 

There are a few fundamental requirements which must be abso- 
lutely met in the successful construction of a screw. Let us try to 
state these requirements in the most simple and positive terms : 

(1) The shaft to be threaded must maintain a true cylindrical 
form dnriug every part of a revolution and during every successive 
revolution, /. ^., the axis of motion must be a straight line. 

(2) The cutting tool must travel in a line exactly parallel with 
the axis of the screw to be cut. This requirement demands first 
that the ways upon which the ciirriage of the screw-cutting machine 
travels shall be straight, allowing the carriage to move in a hori- 
zontal plane. Especial attention must therefore be paid to the 
elimination of the flexure of the bed-plate upon which the ways are 
cut. Second, the ways must be free from horizdntal curvature, al- 
lowing the carriage to move in a true vertical plane. Expressed in 
general terms, the conditions to be fulfilled require that every 
movement of the cutting tool with respect to the screw to be cut 
^haU he referred to an iiwariahle reference plane. 
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(3) The cutting tool must give to each single thread approxi- 
mately its proper form and pitch during each Buceessive operation 
of cutting, independently of every other thread. 

If these conditions can be fulfilled in the constrnction of a screw, 
there is no reason why the residual errors may not be reduced far 
below the limit reached in our present practice. 

Let us now venture to define the limit which ought to be 
reached. First, a screw ought to be capable of measuring as 
closely as a skillful mechanic can calliper. In ordinary practice that 
limit may be placed at al>out Tf^^nr hich, but in the hands of a person 
in which the sense of feeling has been cultivated even but slightly, 
a good calliper will detect variations in the diameter of a small 
cylinder amounting to about ^oooir i^^ch. 

Second, experience has shown that the limit cf certainty in 
measuring short spaces, e, y., two or three inches, is about -^\-^ 
inch, while for longer intervals, in which flexure comes into play, 
the limit should be placed at between ^^y J^-^r and stj^Jtht ^^^ch. 

It would appear, therefore, that we ought to demand of a pre- 
cision screw that it shall have no error much exceeding the lowest 
limit named. Of course, the average error of adjacent threads 
would in this case be far less. If it is possible, therefore, to con- 
struct a screw whose error shall not rise above this limit, it may 
fairly be termed a screw of precision, or, if you choose, a "perfect 
screw." 

In the fall of 1882, Mr. Geo. F. Ballou, who is now superintendent 
of the Ballou Manufacturing Co. of Hartford, Conn., which has un- 
dertaken the manufacture of improved lathe and precision screws 
by what has been designated the Rogers-Ballon process, joined tlie 
writer in an attempt to give a practical application to the principles 
of construction which have been outlined in this paper. For about 
four years previous to this time, Mr. Ballou had been engaged in 
making a dividing engine which Mr. Chas. Van Woerd, at tliat 
time mechanical superintendent of the Waltham Watch Compajij, 
undertook to construct upon my order. 

A high limit of precision was soon reached in the construction of 
a short screw, having a working length of about 4 inches, although 
the hope of obtaining from it an improvement in diffraction grat- 
ings was not realized. But in every attempt to make a screw hav- 
ing a length of half a meter it was found impossible to go bejond 
a certain limit by the ordinary methods of construction and correc- 
tion. After experimenting in various ways for nearly two years, 
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i[r. Van Woerd decided to adopt the form of a sectional screw. 
Threads were cut upon ferrules IJ inches in length, each ferrule 
beiii<j^ cut from the same part of the leading screw. These ferrules 
were then placed upon a cylindrical shaft, and adjusted in such a 
way that the threads of the adjacent ferrules would match. 

The method itself is not new ; Whitworth tried it and aban- 
doned it nianv years a^^o. Mr. Van Woerd, however, bv the 
method described in patent No. 293,930, claimed that the difficul- 
ties encountered by Whitworth were entirely overcome. 

l^[r. Ballon had done all of the actual work of construction up to 
the point of the application of the new method of making the ferrules. 

Al>out this time an order was received from Professor Wm. A. 
Anthony for the construction of a dividing engine for the Physical 
Department of Cornell University. Upon accepting the order, a 
shop wastitted up in Boston with tools of the best quality, chietly 
from the establishment of Pratt & Whitney, and Mr. Ballon under- 
tot)k the construction of the engine, mainly from his own designs, 
and of the screw which is its essential ]>art. The completed ma- 
chine was shipped in just 35 weeks after the actual commencement 
of the work ; and the screw, which will be presently discussed, was 
cut and ground in 27 hours from the time the first tracing of a 
thread was made. It was at that time practically perfect for about 20 
inches, and nearly as perfect as it afterward became by the process 
of grinding adopted. Notwithstanding the fact that the work was 
(lone upon a common lathe in which the errors of the leading screw 
were enormously large, the result showed that the method employed 
was based upon correct mechanical principles, and was entirely 
feasible. 

This method can be described in a very few words. 

Let the reader hold dearlv in mind the followinir: 

There are : 

{a) An ordinary lathe, the ways of which have been made as 
nearly straight as possible. 

{h) A shaft between dead centers which maintains a cylindrical 
form during every revolution and every part of a revolution. 

(<•) A microscope provided with Tolles' opaque illumiiuitor for 
viewing o])aque objects, attached to the carriage moved by the lead- 
ing screw of the lathe. 

{(1) A graduated bar mounted indej)endently of the carriage 
with subdivisions which are multiples of single threads of the 
leading screw. 
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{e) A slide moving parallel with the leading screw, by means of 
a very short and firmly mounted micrometer screw of compara^ 
tively larore diameter and attached firmly to the carriage. The .tool- 
post is secured firmly to this secondary slide. 

{f) A mechanical means of determining when the leading screw 
has made a com])lete revolution. 

The method of proceeding was as follows : 

(1) The graduated bar having been leveled up and set parallel 
to the axis of the screw to be cut, the micrometer of the microscope 
was set upon the initial line. The lathe was then started with the 
leading screw " in feed." After the screw had made, for example, 
nearly ten revolutions, the lathe was stopped and the remainder of 
the even revolution was completed by hand manipulation. The de- 
viation of the micrometer line from the corresponding gradnation 
upon the bar was then measured in terms of the screw-head of the 
secondary micrometer screw. In this way the errors of the leading 
screw with respect to the graduations of the standard bar were de- 
termined and written down upon a strip of paper pasted to the ver- 
tical face of the bar. 

(2) The carriage was then started again with the cutting tool in ope- 
ration, and by means of a rough pointer, the micrometer screw 
working the secondary slide was fed either forward or backward, 
in accordance with the corrections before determined. Hence, 
when any even revolution was completed, it would be fonnd that 
tlie line of the bar would be nearly under the cross wire of the 
microscope. This operation was kept up until the screw was fin- 
ished. 

At the completion of the o])eration of cutting, it was fonnd — 

First, That the total length of the screw corresponded nearly 
with the leuirtli of the line standard from which it was cut. 

Second, That there were at many points minute irregnlariftes of 
j)iteli, due to the fact that the ap])lication of the corrections inter- 
mediate between the main divisions had not been exactly made. 

Tlunl^ Tliat the crucial test of the removal of these irregnlari- 
ties by grinding with a brass nut was a complete success. As had 
been predicted, they were for the most part removed after an 
hour's grinding. 

The method of testing was as follows : Two half nuts with pro- 
jecting arms resting upon the / \ shaped way were first placed 

at a fixed interval apart. A microscope was mounted upon one 
nut and coincidence was made between the micrometer wire of 
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tlic microscope and a line drawn upon the upper surface of the other 
nut. It is obvious that if the relation between the different 
threads of the screw remained constant, the line under the micro- 
scope would remain constant. This constancy under a half-inch 
objective was maintained for about twenty inches. Then the nuts 
began to separate, and the separation continued until the maximum 
deviation amounted to about ^yVo of an inch; but near the end the 
nuts wimo back to their fii*st relation. 

In order to eliminate these residual errors, together with the 
remaininji: e»'rors which were a function of one revolution of 
the screw, the following method was employed. The grinding nut 
was made in two halves, in such a manner that a constant relation 
was maintained between the two halves, both in their normal and in 
reversed positions. By grinding the screw first with the two 
halves of the nut in their normal relation and then in reversed re- 
lations, the tendency was to continually work out the periodic erroi*s 
of the screw, with the exception of minute errors which were trans- 
ferred from the screw to the nut during the operation of grinding. 

In order that the nut might grind without disturbing the general 
relation between the threads, a cast-iron cylinder with a centre at 
the bottom was filled with the best sperm oil, and the screw was 
mounted vertically u})on this centre. At first two broad fans were 
attache! to the nut in the hope that the resistance of the oil, 
which in this case would be symmetrical with respect to the axis 
of the screw, would be sufficient to drive the nut upon the screw. 
As this movement was found to be too slow, a guiding rod was 
used. 

The grinding ])roce8s was continued for three weeks, and the re- 
sults obtained confirmed |)reviuus experience. At the end of the 
iirst week the maximum error of 3,/,yy of an inch had been reduced 
about one-half, but it was found that small errors had been intro- 
duced in the mean time at other points, through a slight transfer of 
the errors (►f the screw to the nut itself and from thence back 
to the screw. Near the end of the second week the screw was 
clearly less perfect as a whole than at the commencement of the 
operation of grinding. Mr. Ballon then recut the nut, making 
its diameter a little less than than that of the screw. "With- 
in a few hours thereafter a decided improvement was ob- 
served. A new nut was made at the end of the second week hav- 
ing its diameter still a little less than before. During the third 
week the gain consisted for the most part in eliminating the errors 
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wliich had been introduced daring the second week. Thronghont 
the entire operation of grinding, njversals were made every hour 
both of tlie two halves of the nut and of the screw upon its centres. 

For a comparison of tlie old with the new method of catting 
screws the sectional screw made by Mr. Van Woerd has been 
chosen ; Jirst^ because its errors are less than those for either of the 
long screws which preceded it, and, second^ because it seemed 
import^mt to ascertain whether a sectional screw can be made 
which possesses decided advantages over the ordinary form. It is 
pretty certain that this particular screw is the best of its class ever 
made. The workmanship upon it could hardly be better. If it is 
found tliat errors of considerable magnitude remain, we may con- 
clude that they should be charged to the method itself. 

The method of obtaining transfers from this screw was as follows : 
It had been found by a direct comparison both with a half meter 
and a half yard, standard at 62° Fahr., that 

The lialf meter = 400.4210 revolutions of the Waltham screw. 

The half yard = 366.1382 revolutions of the Waltham screw. 

Since the screw was cut 8 threads to the centimeter, it is there- 
fore J5 J^ of a millimeter too long, or nearly a millimeter in a meter. 
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1 Div. = .0000050 inch. 

VAN WOERD SECTIONAL SCREW. 
Comparison of the computed with the oheerved readings for : 

SubdivmoM of the hcUfmeUr. 





Observed Readipg 


Computed Reading 






of Index. 


of Index. 


AExpreasedin 


Spaces. 






hundred thous- 










A 


andths of an inch. 




Rev. 


Dlv. 


Div. 


Div. 




1 


8 


68 


84 


- 21 


- 10 


2 


16 


140 


168 


- 28 


- 14 


3 


24 


196 


268 


- 57 


- 28 


4 


82 


271 


887 


- 66 


- 83 


5 


40 


827 


421 


- 94 


- 47 


G 


48 


869 


605 


-186 


- 68 


7 


56 


481 


689 


-158 


- 79 


8 


64 


459 


624 


-165 


- 88 


9 


72 


688 


758 


-226 


-118 


10 


80 


606 


842 


-286 


-118 


11 


88 


696 


926 


-280 


-116 


12 


96 


782 


1010 


-228 


-114 


18 


104 


864 


1096 


-281 


-116 


14 


112 


978 


1179 


-906 


-108 


15 


120 


1066 


1268 


-198 


- 99 


16 


128 


1161 


1847 


-186 


- 98 


17 


186 


1249 


1481 


- 182 


- 91 


18 


144 


1826 


1616 


-191 


- 96 


19 


152 


1486 


1600 


-164 


- 82 


20 


160 


1626 


1684 


-169 


- 60 


21 


168 


1606 


1768 


-168 


- 88 


22 


176 


1692 


1862 


-160 


- 80 


23 


184 


1811 


1987 


- 126 


- 63 


24 


192 


1914 


2021 


-107 


- 68 


25 


200 


2021 


2106 


- 84 


- 41 


26 


208 


2118 


2189 


- 71 


- 86 


27 


216 


2201 


2278 


- 72 


- 86 


28 


224 


2290 


2858 


- 68 


- 84 


29 


282 


2366 


2442 


- 87 


- 48 


80 


240 


24:)6 


2526 


- 91 


- 46 


81 


248 


2622 


2610 


- 88 


- 44 


82 


256 


2604 


2694 


- 90 


- 45 


83 


264 


2717 


2779 


- 62 


- 81 


84 


272 


2819 


2868 


- 44 


- 28 


85 


280 


2908 


2947 


- 44 


- 88 


86 


288 


2990 


8081 


- 41 


- 80 


87 


296 


8078 


8116 


- 42 


- 81 


88 


804 


8164 


8200 


- 46 


- 88 


89 


812 


8241 


8284 


- 48 


- 88 


40 


820 


8881 


8868 


- 87 


- 18 


41 


828 


8409 


8462 


- 48 


- 81 


42 


836 


a512 


8686 


- 24 


- 18 


48 


344 


8606 


8631 


- 16 


- 8 


44 


852 


8698 


8706 


- 12 


- 6 


45 


300 


S786 


8789 


- 4 


- 8 


46 


868 


8862 


8878 


- 11 


- 5 


47 


376 


8951 


8967 


- 6 


- 8 


48 


884 


4040 


4042 


- 2 


- 1 


49 


892 


4124 


4126 


- 2 


- 1 


60 


400 


4210 


4210 + 


+ 
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Comparison of the computed with the observed readings for : 

Subdivmons of tlie "half yard. 





Observed Reading 


Compated Reading 


A Sipi'Of wd in 

hnDared thou- 

MudUwofan 

Inch. 


Spaces. 


of Index. 


of Index. 




Rev. 


Div. 


Div. 


Div. 


1 


10 


1677 


1705 


- 28 


- 14 


2 


20 


8868 


8410 


- 42 


- 21 


3 


30 


5055 


6115 


- 60 


- 80 


4 


40 


6735 


6820 


- 85 


- 48 


5 


50 


8375 


8525 


-160 


- 75 


G 


61 


77 


280 


-168 


- 76 


7 


71 


1708 


1985 


-227 


-114 


8 


81 


3416 


3640 


-224 


-112 


9 


91 


5129 


6346 


-216 


-108 


10 


101 


6845 


7051 


-206 


-108 


11 


111 


8559 


8756 


-197 


- 98 


12 


122 


288 


461 


- 173 


- 86 


13 


132 


1982 


2166 


-184 


- 98 


14 


142 


3690 


8871 


-181 


- 91 


15 


152 


5415 


5576 


. -161 


- 80 


16 


162 


7131 


7281 


-150 


- 75 


17 


172 


8824 


8986 


-162 


- 81 


18 


183 


680 


697 


-117 


- 58 


19 


193 


230:J 


2396 


- 98 


- 46 


20 


203 


4039 


4101 


- 62 


- 81 


21 


213 


5733 


5806 


- 78 


- 87 


22 


223 


7445 


7511 


- 66 


- 88 


23 


233 


9131 


9216 


- 85 


- 42 


24 


244 


831 


921 


- 90 


- 45 


25 


254 


2534 


2626 


- 92 


~ 46 


26 


264 


4282 


4831 


- 49 


- 25 


27 


274 


6018 


6086 


- 28 


- 12 


28 


284 


7697 


7741 


- 44 


- 22 


29 


294 


9390 


9446 


- 66 


- 28 


80 


805 


1102 


1151 


- 49 


- 24 


81 


315 


2849 


2aTl6 


- 7 


- 8 


83 


325 


4530 


4562 


- 82 


- 16 


83 


335 


6246 


6267 


- 21 


- 10 


34 


345 


7960 


7972 


- 12 


- 6 


35 


855 


9776 


9677 


- 1 


- 1 


86 


366 


1382 


1882 


+ 


+ 



The transfer from the Cornell screw was kindly made for me by 
Professor Anthony after the engine had been mounted upon the 
firm foundation prepared for it in the new Physical Laboratoiy of 
Cornell University. The transfer consists of forty half-inch 
spaces, but only thirty-six of these have been fully investigated. 

It is necessary at this point to define clearly a cUss of errore 
which will be designated accumulated errors. They will be indi- 
cated by the symbol 2, which is the usual symbol for a summed 



series. 
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If a given space is subdivided into any number of approximately 
efjual parts, tlie error of any space witli respect to the mean of all 
the spaces is called a relative error. The accumulated error is the 
algebraic sum of the relative errors reckoned from the initial line. 
Thus, if the second space of a given series of subdivisions is one 
unit longer than the first, the third one unit longer than the sec- 
ond, the fourth one unit longer than the third, etc., the error of the 
fifth line expressed in ali(|Uot parts of the whole space subdivided 
will be three units. But in this summation of the relative errors, 
the accidental errors of observation are carried along with every 
subsequent summation. Hence the error, for example, of the mid- 
dle j)oint may not be found to be the same as would be obtained 
from a direct comparison of the two halves. Indeed, it ought not 
to be expected that in practice the summation of the errors of fifty 
spaces should give the same accumulated error for spaces 10, 20, 30 
and 40 as would be obtained by a direct comparison of these spaces. 
If a substantial agreement is obtained, however, whatever the num- 
ber of sub-divisions, it may be assumed that the errors of the sep- 
arate spaces have been correctly deterftiined. 

Lot us now apply this test to the errors of the Cornell screw. 
The measures given below were obtained by a comparison of each 
space witli a constant distiince between the two stops of the com- 
parator. If the distance between the stops differs from the mean 
of all the spaces, a constant must be taken from each in order to 
reduce it to the mean of all the readings. This constant has been 
subtracted in every series given below except in the first. Here, 
instead of obtaining the constant from the whole series for the 
reduction of tlie remaining series, it will be necessjiry to obtain it 
for the space measured in that series. The errors at intermediate 
points are fouiul by adding to the relative errors for each space the 
uniformly distributed errors of the limiting Hues of that space, as 
will l)e shown below. The uniformly distributed errors are printed 
in smaller type than the errors of the main subdivisions. The 
values given are expressed in terms of the micrometer screw of the 
microscope employed, in which 

1 div. = .000020 inch. 



232 A PRACTICAL SOLUTION OF THE PERFECT SCRETW' PBOBLEK. 



INVESTIGATION OF HALF-INCH SPACES FROM THE CORNELL SCREW. 



OBSERVED DATA. 



Spaces = 


i In. 


J In. 

2 


fiN. 

2 


*IN. 

2 


f In. 
2 


f Ik. 
2 


vis. 

2 




div. 


div. 


div. 


div. 


div. 


div. 


dit. 





+ 0.0 


+ 0.0 


+ 0.0 


+ 0.0 


+ 0.0 


+ 0.0 


4-0.0 


1 


+ 2.5 


+ '•' 


+ '-' 


4- »•" 


4- ••• 


0.1 


t.» 


2 


+ 0.5 


+ 8.9 


. s.o 


4- ^•' 


4- *•• 


o.a 


— ••• 


8 


-0.1 


4- "•• 


+ 4.5 


4- «•• 


4- '•" 


0.4 


— ••• 


4 


-0.2 


+ 2.0 


4- »•• 


4- 8.4 


4- ••' 


O.ft 


— »•« 


5 


+ 0.4 


■ 1.6 


+ »•» 


4- »•» 


4- ••* 


0.6 


_ »•» 


6 


-1.4 


4- 1.2 


4- 2.8 


4- »•» 


4- 4.0 


0.8 


— »•• 


7 


-1.8 


, 0.6 


4- '•' 


4- »'^ 


4- ••* 


— 0.0 


_ ■•» 


8 


-0.3 


- 0.1 


1 0.6 


4- 3.0 


4- '•• 


1.0 


9.4 


9 


-8.1 


1.6 


-0.6 


4- '-' 


4- *•' 


-1.2 


— >•• 


10 


-1.9 


-3.0 


0.9 


4- «•* 


4- ••• 


1.0 


i.I 


11 


-2.1 


8.6 


1.1 


0.0 


— 6,8 


— a. 4 


i.4 


12 


-2.9 


-4.0 


- 1.4 


-2.8 


-1.6 


_ ••• 


— *•' 


13 


-1.3 


4. a 


a.o 


9.0 


— «.© 


6 

• 


4.0 


14 


-1.7 


-4.4 


9.8 


8.6 


— ••* 


4.9 


__ 4.1 


15 


+ 0.5 


4.8 


- 3.3 


4.1 


— 9.8 


4.0 


— *•• 


16 


-2.6 


-5.2 


4.9 


-4.6 


— >•* 


•.« 


— <•• 


17 


- 1.6 


6.0 


6.1 


4.7 


— ••• 


- .^ 0.0 


— »•« 


18 


-0.0 


-6.5 


- 6.1 


4.8 


- 3J 


- 6. 6 


-5.5 


19 


+ 0.0 


6.1 


6.6 


4.0 




0.4 


— »•* 


20 


-1.3 


-5.2 


4.0 


- 5.0 


— 8,8 


_ ••• 


— «■• 


21 


+ 0.4 


6.0 


-4.2 


6.0 


— ••• 


0.1 


— *•• 


22 


-1.5 


-4.8 


4.8 


6.1 


— ••* 


».o 


— *•* 


23 


+ 0.3 


4.S 


4.4 


6. 1 


— ■•' 


§.7 


— *•> 


24 


+ 0.6 


-3.8 


-4.5 


-5.2 


-8.0 


— ••» 


_ »•• 


25 


+ 0.2 


a.b 


4.6 


— 6.9 


— 9.8 


— _ »•« 


— ••» 


26 


-1.1 


-3.9 


4.6 


6.9 


— >•• 


— »•• 


— ••• 


27 


- 1.8 


4.0 


- 4.5 


6.1 


— «•* 


-5.0 


_ ••• 


28 


-0.5 


-4.0 


8.S 


-5.1 


^^ • 


4.8 


— ••• 


29 


+ 0.0 


6.6 


9.1 


4.8 


— 9.0 


•.# 


— ••• 


30 


-0.4 


-3.0 


- 1.4 


4.6 


-1.8 


— •.« 


— »•• 


31 


- 0.8 


s.o 


1.8 


4.9 


— 1.6 


l.t 


— >•• 


33 


-0.8 


- 2.9 


1.2 


-8.8 




l.t 


— >•• 


83 


+ 0.0 


9.4 


-1.0 


9.0 


ft 


l.T 


* — >•• 


84 


-f- 1.5 


-1.9 


0.7 


l.» 


— 0.6 


— *•• 


— O.T 


35 


+ 0.5 


0.0 


O.i 


0.9 


— ••• 


— ••• 


— ••• 


36 


+ 1.0 


+ 0.0 


4- 0.0 


4- 0.0 


4- 0.0 


+ 0.0 


4-0.0 
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RESULTS. 



ABOUMENT — HALF-INCH SPACES. 



tJ 
















MEAN 






(1) (2) 


(8) 


(4) 


(6) 


(9) 


(18) 


♦mean 


IN HUNDBED 


A 


< 


v- 2" 


2 


2 


2 


2 


J£ 


2 


THOUSANDTHS 




« 


• 


• 




+ 0.0 








OF AN INCH. 







-0.0 -fO.O 


+ 0.0 


+ 0.0 


+ 0.0 


+ 0.0 


+ 0.0 


+ 


+ 6 


1 


+ 3.1 4-2.9 


+ 3.0 


+ 2.9 +3.0 


+ 8.0 


+ 8.2 


+ 8.0 


+ 6 


+ 2 


o 


^4.2 +3.91 +4.0! +8.9' +4.1 i 


+ 4.0 +4.5 


+ 4.1 


+ 8 


+ 1 


8 


^4.7 +3.5 


+ 4.5 +4.8; +4.6 


+ 4.8 +5.1 


+ 4.5 


+ 9 


-2 


4 


+ 4.1 +2.0 


+ 8.4 


+ 8.4 


+ 4 


+ 8.6 


+ 4.7 


+ 8.5 


+ 7 


+2 


5 


+ 5.1 +2.5 


+ 3.9 


+ 4.5 


+ 5.0 


+ 4.5 


+ 5.8 


+ 4.4 


+ 9 


-2 


6 


+ 4.:; +1.2 


+ 2.8 


+ 3.8 


+ 4.0 


+ 8.5 


+ 5.2 


+ 8.4 


+ 7 


-8 


^ 

i 


+ 3 2 -0.2 


+ 1.6 +2.7 


+ 8.3 


+ 1.0 


+ 4.1 


+ 2.1 


+ 4 


+ 1 


e 


+ 3.5 -0.1 


+ 1.9 


+ 8.0 


+ 4.1 


+ 1.2 +4.6 


+ 2.4 


+ 5 


-5 


9 


+ 1.0 -2.2 


-0.6 +1.8 


+ 2.0 


1.2 


+ 2.1 


+ 0.2 


+ 


-1 


10 ' 


-0.3 -3.0 


-0.5 +0.4 


+ 1.1 


-2.1 


+ 1.0 


-0.5 


- 1 


-2 


11 


-1.7 -3.1 


-0.9 


-0.5 


+ 2.0 


-8.0 


-0.8 


-1.0 


- 2 


-2 


12 : 


-4.0! -4.0 


-1.4 


-2.3 


-0.6 


5.1 


-2.5 


-2.6 


- 4 


-8 


13 


-4.7 -4.0 


-2.5 


-2.9 


-2.1 


-5.4 


-8.0 


-8.8 


- 7 


-2 


14 


-5.8 -4.4 


-4.0 


-3.6 


-3.0 


-6.2 


-4.0 


-4.2 


- 9 


+ 2 


15 


-4.7 -3.3 -3.3 


-2.7 


-3.9 


-4.7 


-2.7 


-8.5 


- 7 


-8 


1(5 , 


_0.7 -5.2 -5.2 


-4.6 


-3.4 


-6.8 


-4.6 


-4.9 


-10 


-1 


17 


-7.7 -6.21-0.1 


-5.4 


-4.0 


-6.0 


-5.4 


-5.5 


-11 


+ 


18 


-7.6 -6.5 -6.1 


-5.2 


-8.9 


-6.6 


-5.5 


-5.6 


-11 


+ 1 


19 1 


-7.0 -5.5 -5.2 


-4.5 


-8.6 


-5.9 


-5.0 


-4.9 


-10 


+ 


20 1 


7.7 5.2 i 5.6 


-5.0 


-4.4 


-6.5 


-5.8 


-5.4 


-10 


+1 


21 1 


-0.7; -4.1 -4.2 


-4.6 


-8.7 


-5.6 


-4.8 


-4.5 


- 9 


-2 


22 


-7.6 -4.8 -5.6 


-6.1 


-4.8 


-6.4 


-5.8 


-5.6 


-11 


+ 1 


23 


_6.7: -4.4 -6.2 


-5.7 


-4.1 


-5.4 


-5.1 


-5.0 


-10 


+ 2 


24 ' 


-5.5 -3.8| -4.5 


-5.2 


-8.0 


-4.2 


-8.9 


-4.1 


- 8 


+ 1 


25 


-4.6 -3.2, -3.4 


-4.2 


-2.0 


-8.4 


"8.6 


-8.8 


- 7 


+ 


20 ' 


-5.2, -3.9 -3.5 


-4.5 


-2.8 


-3 8 


-4.2 


-3.7 


- 7 


-2 


27 ' 


-0.4 -4.3 


-4.5 


-5.4 


-8.8 


-5.0 


-5.3 


-4.6 


- 9 


+ 


2H 


-6.3 -4.0 


-3.5 


-5.1 


-8.0 


-5.0 


-5.3 


-4.8 


- 9 


+ 2 


29 


-5.7 -3.0 


-2.1 


-4.8 


-2.2 


-4.5 


-4.8 


-8.5 


- 7 


+0 


30 


-5.5 -3.0 


-1.4 


-8.9 


-1.8 


-4.8 


-4.6 


-3.3 


- 7 


+ 1 


31 


-5.0 -3.0 


-1.6 


-3.9 


-1.5 


-4.5 


-4.9 


-8.2 


- 6 


-1 


32 


-5.8 -2.9 


-1.8 


-8.8 


-8.2 


-4.7 


-5.2 


-8.6 


- 7 


+ 


33 


-5.0 -3.1 -1.0 


-2.9 


-8.1 


-4.2 


-4.6 


-8.5 


- 7 


+ 4 


34 


-2.9 -1.9 -0.2 


-1.4 


-1.6 


-2.1 


-2.6 


-1.6 


- 8 


+ 1 


85 


_1.H -1.1 1 -0.8 


-0.8 


-0.9 


-1.4 


-1.5 


-0.8 


- 2 


+ 2 


30 


+ 0.0 +0.0 

1 

1 


, +0.0 


+ 0.0 

1 


+ 0.0 


+ 0.0 


+ 0.0 


+ 0.0 


+ 


1 



The inetliod of deriving the quantities given in the above table 
from tlie data given in the previous table will be obvious from the 
following illustrations : 



Sxcladinff (l). 



234 A PRACTICAL SOLUTION OF THE PERFECT SCREW PROBLEM. 



rOU THE ISCU SPACES'. 



FUR THE 8 INCH 8PACB8. 



From measures of ^' inch . From measiii-es of 
Hpaces. inch HpaccH. 



A 2 

+ 2.5 + 1.0 4- 1.0 
4- 0.5 - 1.0 + .0 



+ 1.9 
+ 3.9 



sum. 
+ 2.9 
+ 3.9 



From measures of )i inch 
spaces. 



+ 1.5 



A 2 

+ 2.4-1- 2.4 
+ 0.4 -h 2.8 

- V,.. - 0.2 + 2.6 

- 1.2 - 1.3 + 1.8 
+ 0.4 4- .2 -f- 1.5 

- 1.5 + 0.0 



+ 2.5 
+ 0.5 
- 0.1 



- 1.4 



-f 0.12 



From measures of 


inch spaces. 






Sam 


+ 


0.6 


+ 8.0 


+ 


1.3 


+ 4.1 


+ 


2.0 


+ 4.6 


+ 


2.7 


+ 4.0 


+ 


3.4 


+ 4.9 


+ 


4.0 


+ 4.0 



Since the greater part of the error of the screw is al the end fron* 
wliich the accumulated errors have been reckoned, the relative er- 
rors have been determined of the first ten revolutions of the screw, 
assuming the length of the first half inch to be correct. The results 
are given in hundred-thousandths of an inch. 



Spaces. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 



2 
+ 14 
+ 10 
+ 28 
+ 6 
+ 3 

- 14 

- 12 

- 20 

- 14 
+ 



The errors depending on single revolutions of the Waltham 
screw were found by measuring ten ruled spaces corresponding to 
even tenths of a revolution. The results for the Cornell screw 
were kindly communicated by Professor Anthony. The figures 
represent million ths of an inch. 

Space?. 



1 
2 
3 

4 
5 
6 
7 
8 
9 
10 



Cornell Screw, 


\\ altham Screw 


2 


2 


- 2 


+ 10 


- 2 


+ 14 


^ 8 


+ 10 


- 9 


- 2 


- 8 


-17 


- 12 


-88 


- 14 


- 34 


- 11 


-38 


- 2 


-21 


+ 


+ 
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The nature and magnitude of the errors of these screws will be 
more clearly seen from the curves upon the following plate, which 
have been described from the data given. 

It will be noticed that there is a dotted curve in Fig. 55. The 
difference between the two curves represents the effect of a de- 
mand of my landlord for an increase of rent, in consequence of 
which the dividiuor onofine was removed into new and, it mav be 
added, more commodious quarters. After it was remounted, it was 
found that the old system of errors no longer held. The present 
discussion refers to data derived from observations made since the 
removal. 

It will be seen that there is a pretty close correspondence between 
the curves for the English and the metric subdivisions. The 
former of course includes errors to a certain extent depending on 
single revolutions of the screw. 

One more fact should be stated in order to complete the argument 
in favor of the new method, and it is a fact of supreme importance. 
At the time the line bar was graduated from which the Cornell screw 
was cut, the wTiter had not succeeded incompletely eliminating the 
accumuhited errors. It would be too much to expect that there 
should bo a complete coincidence between the errors of the bar and 
the errors of the screw, but the coincidence is nevertheless so close 
that it would make but little difference whether the accumulated 
error of the bar at the middle point was derived from the screw, 
or that of the screw from the bar. 

It has already been stated that the method has only been tried 
under great disadvantages, but the Ballon Manufacturing (.^ompany 
have now comi>leted a screw machine having a direct capacity for 
screws (5 feet in length and an indirect caj)acity for screws having a 
length not much exceeding 18 feet. A smaller machine for screws 
less than G feet, and especially adai)ted for cutting all kinds of mi- 
crometer screws, is in process of construction. This paper is already 
by far too long to admit of a description of these machines, but Mr. 
Bishop, the president of the company, will gladly offer evei7 
facility to any member of the society who desires to make a per- 
sonal examination either of the method or of its results. You will 
receive, I am sure, a hearty welcome and courteous attention at 
the office in Hartford. 
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DISCUSSION. 

Mr. Oherlin Smith. — I want to ask a question of Professor Rog- 
ers. 1 understand from him that one of the great practical difficul- 
ties that would seem natural in all this work is the deflection by 
gravity of horizontal bars used for tlie guides, whether they be cyl- 
indrical or whether they be prismatic. My question is, whether 
experiments in such work have been made having the ficrews and 
slides all vertical, so that deflection would not come in as a factor 
at all, and having the nut and other moving parts attached to it 
balanced about the axis of the screw, so that as it traveled up and 
down there would l^e vertical stress onl}'. 

Prof. Rogers, — Experiments have been made in this directioD, 
but not, as far as I am aware, in this country. Professor Wild, 
of the Central Physical Observatory of St. Petersburg, has inveft- 
tigated the problem, lie found that the flexure— that is not quite 
the proper term in this connection — he found that the change 
which in some way takes place when a bar is supported vertically 
is nearly or quite as troublesome as when it is placed in a horizon- 
tal position. Simple flexure can always be neutralized by proper 
supports. 

The required degree of precision must be secured under the ordi- 
nary conditions in which screws are used. When a stiff screw three 
feet in length is supported at the middle point the effect of flexure 
will be eliminated in ordinary practice. 

But in the new screw machine embodying the methods which 
have been described, a very neat device has been adopted by which 
the flexure can be eliminated at any desired number of points^ 80 
that the element of length does not now enter as a disturbing 
cause. 

Mr, Towne, — Mr. President, without doubt it may seem to some 
persons present that this discussion has reference to what may be 
termed mathematical theory rather than to ordinary machine shop 
practice, but a matter in my own experience shows that this is not 
so. In cutting some screws recently for use in "Emery" testing 
machines, it became a matter of irni)ortance to produce two screws 
of identical pitch, as nearly as the same could be reasonably done. 
The screws have a diameter of three and one-half inches and a pitch 
of two threads to the inch. A lathe for cutting such screws was 
made especially for us by the Pratt ife Whitney Co. (who gave great 
care to the work throughout), having unusual solidity and stiffueae^ 
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and having as a lead screw a copy of a Whitworth screw which 
Pratt & Whitney tlien liad, and which had never previously been 
used, and of vvliich they made as careful a copy as they could. Af- 
ter cutting the first pair of screws in this lathe, and chasing a pair 
of bronze nuts for use on them, and assembling the machine, an 
error in the screws was shown very apparently in this way : The 
two screws stand vertically in the machine, and carry a horizontal 
cross-head. On each screw is a pair of bronze nuts, one above and 
the other below this cross-head, the sepanitiou between the nuts on 
each screw being, approximately, nine inches. The work is all 
very carefully fitted, and, in the position when they were first as- 
sembled, the nuts, while in contact with the cross-head on each side, 
were still free, and there was no binding anywhere. On turning 
the screws, however, so as to raise the cross-head slightly, thereby 
bringing the nuts into a new longitudinal position on the screws, 
the nuts in one case were found to be separated — so much so that 
there was considerable freedom between the nut on the top of the 
cross-head and the cross-head itself; and in another position the 
distance was decreased, so that motion of the nuts was stopped. 
The total error, if I remember correctly, was something like six or 
seven tliousandths of an inch — quite enough, with close work, to 
make binding. So that, in what may be termed ordinary machine 
shop practice, this matter of precision of screws comes in very fre- 
quently, and it is interesting to all of us to see how great precision 
is going to be obtained, not only in fine instruments, such as we 
see here, but I hope also in tools of more frecjuent use. 

I wish to ask Professor Rogers one question, due, perhaps, to my 
not following him more closely. If I understand his process cor- 
rectly, it dirters from what has preceded it chiefly in the repro<luo- 
tion in the screw of the divisions of the i)late or bar. The correc- 
tion of each thread of a finished screw is not novel, as I understand, 
but it is the reproduction on the screw in cutting it of the divisions 
of the bar. Am I correct in that f 

J^rof. liotjers. — You are partly correct and partly not. The 
novelty of the process — I will not say novelty, the process itself — 
consists in a method of cutting single threads in such a way that 
wo know just what is being done during every stop of the oi>era- 
tion. 

If my screw has twenty threads to the inch, and my bar is sub- 
divided to twentieths of a revolution of the screw, then for everj- 
entire thread cut I must maintain a coincidence between the line 
16 
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upon the bar and tlie fixed line of the microscope. If this coinci- 
dence 18 not maintained, the screw which is being cut will have an 
error of just that amount at that point. In the ordinary procesB, 
you really do not know whether you are cutting a single thread 
correctly until the entire operation is completed. We deal with 
single threads, and in such a way that no one thread can ever have 
an error greater than can be ground out by means of a lead nnt 
The screw exhibited was cut from a bar having half-inch gradua- 
tions, but the subdivisions of the bar now in use with the new 
screw machine are tenths of inches. As the leading screw has five 
threads to the inch, the errors can be obtained for every half revo- 
lution. 

Attention is called to the fact tbat as long as the screw which is 
being cut has the same temperature as the leading screw it will 
have the same absolute length as the graduations of the bar from 
which it was cut. Since in the new machine the entire shaft is 
immersed in oil, the trouble with tempemture is reduced to a 
minimum. 

Mr, Towne. — If I understand correctly, then, in tracing the first 
line of the thread, we will say, that is, the first revolution of the 
screw, and having made one exact revolution, you then compare 
the progress of your line on the work with the divisions of your 
bar. Am I correct ? 

Prof, Rogers. — Yes, sir. 

Mr. Tovyiie. — If you find an error in that thread, how is that 
error corrected ? Perhaps you touched on that point in the paper. 

Prof. liogera. — Yes, I thought I had done so. It mnst be re- 
membered that the cutter has two motions ; a primary motion and 
a secondary motion. The ])rimary motion is the movement of the 
carriage by means of the leading screw ; the secondary motion is 
the movement of the slide to which the cutter is attached tliroagh 
the short and firm micrometer screw. 

There is a certain amount of preliminary work, however, which 
must he done before the screw is cut. We must first ascertain 
how far the lines upon the bar are away from the fixed micrometer- 
line of the microscope, for even revolutions when the leading acrew 
runs free, i. e., without doing any work, and secondly, we mnst 
ascertain whether the errors are substantially the same during 
every comparison ; for unless this constancy is maintained it 
will be impossible to eliniinate the errors of the leading screw. 
The tabular corrections which have been derived from 
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cannot serve as a guide unless they are practically constant for 
every repetition of the observations. 

I will re|)eat the various steps of the operation. The carriage is 
now at one end of the lathe bed, and the index of the leading screw 
is set at zero. Upon looking into the microscope, I notice that the 
first graduation upon the bar does not coincide with the fixed line 
of the eye-piece micrometer of the microscope. I slightly tap the 
bar at one end, and the coincidence between the two lines is per- 
fect. A heavy bar can be moved into any required position by a 
series of light strokes with greater accuracy, and much more 
quickly than through the action of an abutting screw. I n9W allow 
the leading screw to make, «. ^., nearly five even revolutions, and 
by a hand movement I complete the fifth revolution. Again look- 
ing into the microscope, I observe that the line upon the bar is on 
one side of the micrometer line of the microscope, and I note how 
many divisions of the index of the secondary screw are passed 
over in bringing the secondary slide to which the microscope is 
attached into coincidence with the second line upon the bar. 1 
re(!ord this number upon the slip of paper before me, which for 
convenience is pasted to the vertical face of the graduated bar^ 
This oj)eration is repeated for every five revolutions of the leading 
screw. I shall then have a system of corrections, some positive 
and some negative, which represent the errors of the leading screw 
for the conditions under which the observations were made. But 
these conditions are in many respects unlike those which hold while 
the cutting tool is doing its work. I therefore repeat the obser- 
vations with the cutter at work upon a dummy shaft. In ordinary 
practice, however, it is not found necessary to take this precaution. 

Having done this preliminary work we are now ready to cut the 
thread upon the cylinder which has been properly prepared in ad- 
vance. The carriage is run back to the first position, and coinci- 
dence is made between the line uj)on the bar and the fixed line of 
the microscope aller the cutting tool has been properly adjusted. 
The leading screw is thrown into feed, and during the movement 
from tlje first to the second line of the bar, the secondary micro- 
meter screw is moved, by a continuous motion, the number of divi- 
sions c»f the index which corresponds with the previously determined 
error of the leading screw between these two points. To facilitate 
this movement the slip of paper upon the vertiwil face of the bar is 
divided into half-inch sj)aces, and a pointer is attached to the mov- 
ing carriage. During the slow motion of the screw, the pointer 
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will serve as a guide to the eye in making a uniform diBtributioii 
of the total error over the entire space. Stopping the lathe at five 
even revolutions, I find that the coincidence between the lines iB 
now maintained. Starting again, I apply the correction required 
for the second five revohitions, and so proceed till the first tracing 
of the thread is completed. Every subsequent operation is a repe- 
tition of the first. It is to be noted that I am describing the 
actual process employed in cutting the first screw npon a Blaisdell 
lathe, but in the new screw machine the secondary motion of the 
cutter is under the complete control of the workman. 

Having cut the screw, what do we find ? First, that there are 
here and there slight irregularities in pitch, due to the fact that the 
errors of the leading screw have not been quite properly diatribnted 
between the points at which the errors have been determined. 
Just here is the vital part of the operation. By the ordinary pro- 
cess long sweeps of errors are introduced. You may grind till 
doomsday without removing errors of this class, bnt these sin^^ 
errors, these minute irregularities will disappear after a few 
moments' grinding with a lead nut charged with fine emeiy. 
Secondly, I find that the entire length of the screw corresponds 
with the distance between the terminal graduations of the bar. It 
is true that there has been a slight forcing of single threads, bat 
there has been no such forcing of a combination of threads as takes 
place in ordinary practice, when the attempt is made to change the 
genei'al pitch of a screw. 

Mr, Ohei'lin Smith. — Then, sir, as I understand, the practical 
process consists in a secondary screw which corrects the errors of 
the first screw, thread by thread, by being moved in some definite 
relation to it, that relation varying with each individual thread, 
each of which has a personality of its own, and you are in the 
habit of doing that by hand. Of course, the lathe must move veiy 
slowly at present, but you are going to do it automatically at some 
future time. 

Prof. Rogers. — Yes, sir. 

Mr. Oherlin Smith. — What kind of gear do you use to connect 
the secondary screw with the primary so as to get that variation 
of motion ? 

Prof. Rogers. — In a general way the secondary motion is obtained 
either by means of a worm gear which moves the carriage itself 
upon the screw, or by a combination of circular gears working about 
different centers. There was a patent by the Putnam Machine 
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Company which prevented our using a secondary movement of the 
tool itself, even if we had designed to do so. To get around the 
patent — which it is always necessary to do [laughter] — we really 
found a much better way, by simply moving the carriage upon the 
screw itself. There is an adjustable sleeve — but really I cannot 
describe the apparatus without the drawings, and perhaps not, 
even if I had them here [laughter]. Mr. Ballon, my colleague 
in this investigation, is the mechanician. 

J//\ Oberlin Smith, — That is what we call castigating a certain 
old gentleman around the remains of a tree. It is very common 
with mechanical engineers, and I believe it is very good engineer- 
ing [laughter]. 

Prof. ^V€bh. — Mr. Chairman, I think that is one of the great 
advantages of our patent system, that it stimulates every one, in 
endeavoring to evade an existing patent, to make something better 
than was made before ; I know it has occurred in a great number of 
instances that something better and cheaper has been arrived at. 

But it was another point that I wished to speak on : During the 
last two or three years, in looking around the machine shop of 
Cornell University, I have repeatedly met with a number of in- 
teresting mechanical appliances and ingenious mechanisms, and 
have inquired to whom they were due. I have always had as an- 
swer the name of a certiiin gentleman, an honored member of this 
society, who was formerly there. One of those things is a machine 
that will measure very accurately by ten-thousandths of an inch, 
from 12 inches down, and as that belongs to ordinary machine shop 
j)ractice, I should like to hear from our president some remarks as 
to the applicability and imix)rtance of this now method of making 
screws in ordinary machine shop practice. 1 believe myself that it 
is a valuable thing for the machine shop. I have heard that certain 
firms have already expressed their intention, if this is a success, to 
turn out their old screws and put new ones into their lathes in order 
to have a systematic method of measuring. I cannot see that any 
further progress in accuracy of measurement is possible unless that 
is done, and I l>elieve that the true method of measuring in a lathe 
is to have all the screws in that lathe graduated and to use them 
for the measurement of the work. I should like to hear u|Hm 
this })oint from those acquainted with ordinary machine shop 
j)mctice. 

J//'. Hand. — Mr. President, if my memory serves me rightly, 
about six or eight years ago, you and I had something to do with a 
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pair of Wliitworth screws on a measuring machine. They w«e 
very much out of trutli. While you are telling abont what Prot 
Webb referred to, I would like to ask von to tell abont the device 
you put on the machine, to eliminate the errors of those screws. 
At that time we knew nothing about this grinding process, and 
when we got stuck in the making of gauges, for the want of a per- 
fect screw to measure with, you kindly came forward and helped 
us out ])y applying the corrective device referred to. 

Presideyit Sweet — I hardly think it within the scope of this dis- 
cussion to branch off into the question of measuring machines, un- 
less it be the will of the meeting that we deviate from the title of 
the paper. It seems to me there is not much to say when we con- 
fine ourselves to the perfect screw. It has been made more perfect 
in the screw described than anything ever made before. Bnt 
when we get the perfect screw we have got to use it, and it is de- 
sirable that we shall maintain its accuracy: for that is an important 
thing. If our screw is made perfect, and we go to nse it and it 
soon wears out, we are pretty nearly as badly oflE as if we had never 
had it. 

Professor Kogers referred to his hobby. My hobby has been to 
get equal length of wearing surface wherever I thought it was 
practicable. I applied that to the measuring machine referred to 
by Prof. Webb by making the screw and the nut of the same 
length, believing that if we ground them together in that form, we 
would maintain better results tlian if we put a short nut on a long 
screw. I was not present to hear that part of the ]>aper, bnti 
believe it was stated that when they came to grind their screw 
they were all right until they got pretty nearly to the end ; thoa 
they met with difficulties that caused them more trouble and more 
time to eliminate than all the w-ork done up to that point. To 
give a fair illustration, let us imagine we have an edge whidi in 
the main is perfectly straight, but throughout its entire length 
there are slight undulations. Let us, take a short piece of like 
character and try to grind those slight undulations out. The result 
will be just as it was with the screw. It will be all right throogh 
the center, but when we come to the ends we meet with the mnw^ 
difiiculties — that they do not disappear, or yon grind the end off 
too much or not enough. Now, let us take two straight edges of 
the same length with the same undulations, but with the ondalations 
in one of different pitch from those in the other. If these be ground 
together, what will be the result ? We will soon fetch down our two 
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straight edges, and they will be practically straight, as well on the ends 
as in the middle. That was the plan I adopted on the screw — to 
make the screw and the nut of the same length, and make them work 
back and forth. The screw and the nut were three inches long, and 
our measurement was only one inch. In our machine it made no 
diiterence to us whether we had sixteen threads to the inch or more 
or less than 'sixteen threads. We did not care whether it was 16 
plus or 16 minus, because we had to read to a line, and that line 
could just as well be a spiral which would correct the error as to 
be a straight line parallel with the axis of the screw. We found 
our screw, if it continued 62 feet, would have one too many threads, 
so that by making the line a spiral that would make one complete 
turn in sixty-two feet, the error in the pitch was corrected. 

The same principle was applied to the Richards machine, only 
in their case they have a short nut on a long screw. In that case, 
instead of making the line equivalent to a perfect spiral, the line 
had to be more or less curved, because those errors came in at the 
ends of the screw, when the short nut got up to the end, and the 
line had to be a curved line rather than a spiral. 

Now, in applying this perfect screw to practical purposes, as I 
understand, they propose to make the lead screws of lathes. 

In using a lathe for the ordinary purposes of a machine shop, 
you all know very well it will not be long before we have it worn 
down at the head-stock end, and not worn at all at the foot-stock 
end. We know we cannot make a screw and nut of the same 
length, and what shall we do ? It is easy to do better than we do 
now, if we only had the courage. Cut away the threads at the 
foot-8tock end — nine threads out of ten, eight out of nine, five out 
of six, etc., cutting out the most where the screw wears the least. 
This, cf course, could not be determined accurately, because we do 
not know how much the screw is to be used on long and how much 
on short work, but it would help the matter very materially. None 
of us have the courage to cut away the threads of a nice screw. I 
am having a lathe made, and putting in all the notions I have 
thought of — a good many more notions than improvements, pos- 
sibly — and though I have a good deal of courage in mechanics, I 
have not enough to make a lead screw as it ought to be made 
[laughter]. 

Mr. llomL — Mr. Chairman, I would say in regard to the cor- 
rection of that screw referred to bv Mr. Towne, which I had the 
honor of superintending, we found errors in it that varied all the 
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way from minus .004: of an inch to plus .005. We determined to 
get tliese errors reduced as much as possible, and we groniid three 
weeks on the screw in the attempt. It is 38 feet long and three 
inches in diameter, two threads to the inch, or one-half inch pitch, 
and a square thread. The sides being at right angles to the axis of 
the screw, made it very difficult to grind, but we managed it by 
taking two half nuts and lining them with a lead bashing. Having 
nuts about twelve or fourteen inches long, gave considerable length 
to the thi-ead. We ran one nut back and forth the whole length of 
the screw to even up the thread. We then found there was very 
little difference in the tightness of the nut from one end of the 
screw to the other. Then we introduced a space between two nuts 
of about twelve inches, in order to separate them, and we found it 
went very easily in some places. We ran it along two or three 
days until we thought it was even, meanwhile measuring it. By 
introducing another length of two feet we still further separated 
these nuts to change the conditions, and then finally one of three 
feet was added, and we got it so that in all positions the nut 
apparently had the same resistance. We measured the screw, and 
found that the general errors had been reduced, as nearly as we 
could measure it, to about one-thousandth of an inch, either plus or 
minus. Of course, as the flexure of the screw came in, we measured 
it on all sides. In grinding this soft iron screw the sides of the 
thread were filled with emery. I think since the grinding there 
may have been a slight change in the pitch up to a certain time, 
but its use afterward always gave the same results. The screw 
that was cut by it and then measured had the same errors in it tliat 
the original screw had after grinding. We only use this long 
screw for screws that are nearly the length of the machine itself. 
We have shorter screws for doing short work, and we are in hopes 
of getting in time a perfect screw in this lathe. The use of this 
screw is only an expedient until that time comes. 

Prof. Webb. — I suppose, to put it briefly, that Professor Bogers 
is introducing a new breed of screws. Now, we know that the 
agriculturists, when they have a flne animal, do not put him to 
hard work. They take care of him ; and yet they will have fine 
animals, and they pay the money for them, and I suppose that me- 
chanical engineers, if they do not use a perfect screw where they 
need it, now that one is obtainable, will be worse off than the far- 
mer is. An idea has occurred to me as to how they might be used. 
It is quite possible to have these screws so arranged that any part 
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of them can be used at will. Yoii would use your lathe for accurate 
work only, and would keep account of the screws you cut, making 
the record sliow as nearly as possible how much the screw was 
worn by each job. In this way the wear could be very evenly 
distributed. There are various ways of fixing it so that all the 
screw can be used, and used regularly. 

Mr, Reese. — Professor Webb has said that this is like the intro- 
duction of a new breed of chickens. It just occurred to me that if 
Professor Rogers proposes to introduce a new breed of chickens, 
some attention ought to be paid to the rooster [laughter], 

I have been surprised that in this discussion and in this paper, 
which is a very good paper indeed, no attention has been paid to 
the molecular physics of the bar, which I believe will have some- 
thing to do witli the generation of high-bred screws. It seems to 
me that it would be impossible to get a uniform series of screws 
accurate unless you had a uniform structure of metal to start with. 
I presume it is expected to make those screws out of steel. Now, 
we all know that it is a very difiicult matter to get a uniform bar 
of steel — a bar in which the molecular structure is uniform at all 
points. It is very difficult to get a bar of steel in which the carbon 
is uniformly distributed throughout the bar. Variation of temper- 
ature varies the molecular action. It varies the expansion and 
contraction — not only in its entirety, but in any point of the 
bar. 

Some experiments that I made some years ago that are not yet 
comi)lete may be referred to. I am sorry that 1 have not had 
the njcans to continue them and make them complete. Still they 
are complete enough to make a refei'ence to them. They go to 
show that the shape of the molecule in the molecular structure of 
steel, and, in fact, of all metals, is spherical, and that, in the act of 
rolling, the spheres are drawn out along the lino of their long axes, 
and that this is not their normal {)osition in a bar of metal ; it is 
abnormal. The spheroids ought to have their long axes across the 
bar. Now, I have taken a bar that was rolled in the ordinary way, 
with its molecules having their long axis running jmrallel with the 
length of the bar, and found its tensile strength to be 109,486 to 
the square inch. This bar when annealed stood 107,486 lbs. to 
the sc^uare incrh. The bar exhibited an elongation of 10 i)er cent, 
in 8 inches before annealing, and 16 per cent, after annealing. 

Another bar of steel rolled in the ordinary manner to 1.012 
diameter, exhibited a tensile strength of 109,486 lbs. to the square 
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inch, and an elongation of 10 per cent, in 8 inches before annealing. 
This bar was passed throngh my machine, which caused the bar to 
rotate at high speed and nnder great pressare. The effect of this 
action was to twist the molecules so as to leave their long axes 
across the bar. This bar was rolled cold, its diameter was increased 
to 1.017, its tensile strength was reduced to 107,972, and it« elon- 
gation increased to 20 per cent, in 8 inches. This bar was then 
annealed, but the annealing had no effect on its tensile strength, or 
its elongation before rupture. Annealing has no eflfect on a bar of 
steel in which the molecules are in their normal attitude. A perfect 
screw cannot be made from a bar of steel, in which the molecules 
do not exist in their normal attitude. The steel must possess a 
uniform physical structure, in which the molecules exist in their nor- 
mal attitude, with their longer axes uniformly parallel to each other, 
before Professor Rogers can hope to secure the end he has in view. 

Prof, Rogers. — Mr. President, if you will allow me — ^I do not 
like to take up so much of your time — but I have touched upon 
that problem. One of the most illustrions astronomers who ever 
lived, one who has made the largest contributions to our knowledge 
of the positions of the stars in the heavens, once said that "one is 
liable to fail of reaching practical results if the range of inquiry is 
extended too far." If we are compelled to determine the changes 
which take place in the molecular structure of steel before a perfect 
screw can be made, I fear it will be yet many years before such a 
screw can be made. This problem is an exceedingly interesting 
one, but fortunately it has but little bearing upon the ordinary 
behavior of steel under the changes of temperature, which or- 
dinarily occur. ^Bnt since this subject has been introduced I may 
say that 1 have during the past three years attempted to ascertain 
the effect of change of temperature upon the molecular structure 
of steel, copper and glass, by investigating the constancy of the oo- 
eflScient of expansion of these metals. 

I have two bars of glass having the dimensions 41 x IJ x \\ inches 
made for the Standards Department of the English Government 
by Chance & Sons in 1870. One of these bars was presented to 
me by Mr. Chaney, Warden of the Standards. I was allowed to 
bring with me from London a duplicate bar for the purpose of 
graduation. I have for two years studied the constancy of the co- 
efficient of expansion of these bars. I cannot answer for the changes 
which may have taken place during the ten years in which they 
were allowed to assume a normal condition, but it is in my opinion 
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very certain that these bars of glass have at the present time a con- 
stant co-efficient of expansion. 

The observations which have now been continued for nearly 
three years with bars of copper, brass and steel of various grades, 
all point to the constancy of their co-efficients. 

The argument for that change of length in metals which is a 
function of their age is, as far as I can learn, based upon the 
following observations. First, that the zero point of a thermometer 
always rises during the first one or two years of its life ; and, second, 
that certain standards which have been compared at wide intervals 
of time give evidence of an absolute change in length. With re- 
gard to the argument from the recognized changes in thermometers, 
it may be said that a rise in the zero point does not by an}' means 
indicate a change in the structure of the glass tube. In this case 
we have simply the magnified effect of a thin shell of glass upon a 
comparatively large mass of mercury. With regard to the observed 
changes in absolute length, it is safe to say that the observations 
arc not in a single instance conclusive. Take for illustration the 
various comparisons of the U. S. Standard Yard " Bronze 11 " 
which have been made with the Imperial Yard. In 1855, "Bronze 
11 '' was MRSumed to be about one ten-thousandth of an inch too 
Umg, In 1870, it appeared from the observations of Mr. Chaney 
and Professor Ililgard to be 88 millionths of an inch too short. 
But according to the last report of the Standard Department, the 
observations of Professor C. S. Peirce, made during the summer of 
1S8;{, gave the relation, "Bronze 11 + .000022 inch=Imperial 
Yard. If we can trust the comj)arison8, we have had therefore in 
this instance both a decrease and an increase of length during the 
last thirty years. I am very confident that no change at all has 
taken ]>lace. Probably we must refer the apparent change to the 
different kinds of ilhnnination under which the defining lines were 
observed in the different series of observations. 

With regard to the exi>eriment upon steel to which the last 
s])eaker has referred, it must be said that the seven seconds of time 
nuMitioned ought to have been at least seven liours. Any change 
of temperature in the entire mass of a given bar of metal is a 
function of that mass and of the time of exjwsure to a given tem- 
perature. If a brass bar with the dimensions 41 x 1 x 1 inches and 
having the tempeniture, e, g.^ 50° Fahr., is removed to a room in 
which a constant temperature of 70° is maintained, four or five 
hours must elapse before the bar will assume its normal condition 
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in the latter teraperature. Contrary to the general impression, the 
effect of this change of temperature will be very slow for the first 
five or ten minutes. 

The effect of the presence of the observer in a comparing room 
upon a bar of this kind will not be perceptible for ten or fifteen 
minutes. I can even handle the bar with impunity during the first 
five minutes. But the effect of a similar change of temperature 
upon a bar of small section will appear at once. Hence in my 
practice I have everything in readiness to make the first com- 
parison of the bar having the least mass within one or two minutes 
after entering the comparing room. I then compare the bars in 
the order of their masses, allowing 'the limit of fifteen minutes for 
bars having the dimensions just named. When the comparisons 
are completed I leave the room quickly, and do not enter it again 
for about five hours. During this time tlie slight increase of tem- 
perature due to the presence of the observer will have been taken 
up by the bar. It would seem that in the experiment which the 
last speaker described, the mass of the bar was not sufiiciently 
considered, and that the length of time of exposure to a given tem- 
perature or rather the time during which compression was taking 
place was not noted with suflicient accuracy. 

I have not yet seen any decisive evidence of a molecular change 
in the structure of metals under moderately slow changes of tem- 
perature. Certainly this is the result of my experiments thus far. 
I venture the prediction that the result of the discussion which will 
assuredly take place during the next ten years will be, that with 
the exception of a few composite metals, e. g. zinc, all metals 
assume a nonnal condition soon after they pass from a molten to a 
solid condition, and that we may safely dismiss the consideration 
of all changes which in any way depend upon the age of the metal. 
Certainly, we need not take account of this source of disturbance in 
the production of screws. 

M7\ Woodhu7^y, — Mr. President, at the first meeting of the 
Society in New York a paper was read criticising the metric sys- 
tem, and at that time a statement was made that there was not a 
single leading screw in the world graduated on the metric system, 
and I should like to ask if that is true to-day ? 

Prof. Rogers, — No, sir, it is not true. As I said before, Mr. 
Van Woerd constructed a screw for me on the metric system. A 
metric screw by Fronient of Paris is now in the office of the Coast 
Survey at Washington. 
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Mr, Woodbury, — Do any French tool makers use the metric 
system on their lathes? 

Prof, Rogei's. — Always. 

Mr. Kent, — Mr. Keese just told us that he has branched into the 
domain of molecular physics. I think he has made a slight mistake 
in tlie name. It is molecular metAphysics. Physics can carry us 
only about as far as Professor Rogers carries us when he says, " A 
piece of mechanism of the class which the French would call 
mechanism of precision may be termed perfect when it meets all 
the requirements of the purpose for which it was constructed." 
That is as far as physics, I think, to-day can carry mechanical 
engineers; but philosophers and scientists may be carried further 
when they trench on the domain of molecular metaphysics, with 
which, I think, this Society has nothing to do. 

Mr. Toione, — Mr. President, I wish to add just one word relating 
to the Whitworth screw made by Pratt & Whitney. There is no 
doubt but w4iat extreme care was taken in the production of that 
screw, as has been said by Mr. Bond, and I believe we have in that 
screw as perfect a large screw as tliere is in this country. I ap- 
preciate the force of the suggestion w^hich the president has made 
that later work done with that screw will probably be better than 
its first work. 

Mr. Bond made reference passingly to another feature in this 
lathe which may be mentioned a little more fully, and I may be 
pardoned for doing it, as it was, I believe, at my suggestion that it 
was incorporated. That is, providing for a secofid lead screw in 
lathes of this kind, for doing short work. In our lathe the main 
screw is 28 feet long, I think, and is on the front of the bed. 
Behind the bed is a shorter screw, about 10 feet in length, cut in 
the siime way, and corrected, I believe, in the same manner, the 
purpose of which is to cut nuts of short screws, and in that way 
obviate unequal wear on the main lead screw, and keep that for 
cutting long and fine screws, using the other screw for less 
imiH)rtant work and for short nuts. I think in any lathe to bo used 
in ordinary machine shop work, particularly for cutting long 
threads, it is exceedingly desiniblo to have that secondary sercw for 
cutting the nuts which are always required for such work, and for 
doing other short and unimportant work. 

Mr. Dofid, — Another lathe which might bo referred to is made 
specially for cutting leading screws for lathee. It has two lead 
screws, and it is intended to use one to cut a certain length of 
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lathe screw, and the other for longer lengths, and ia that way 
there is a tendency to make the wear uniform the whol^ length of 
both screws. It will take time to do this for all lengths of lathe 
screws, but that is what will be required. 

Mr, S. W. liobinaon, — Mr. President, I have two qnestions that I 
would like to have settled in my own mind. Possibly one of them 
has been settled already in the reading or in the discussion. If bo, I 
did not notice it particularly. One is as to errors occurring in a 
single turn of the screw — a single thread — a single revolntioD. 
Professor Rogers speaks of using a microscope and mieroineter 
screw to correct the position of the cutting tool, as I nnderstand, 
for errors in the lead screw, as the work goes along. I heard ref- 
erence once to divisions of a revolution into parts of a revolation — 
20ths, and so on. I did not quite catch whether a graduated stand- 
ard bar was actually used or contemplated in making these screws, 
the graduation of which was line enough, say, to divide the pitch 
of the screw being cut into 20 parts, and then stop at each gradu- 
ation mark, or not to stop, either, but watch for the 20ths of tlie 
revolution and adjust the position of the tool at each mark. There 
might be a signal, for instance, giving notice of the approach of 
each 20th of a revolution. Every screw revolves so slowly in the 
cutting that there is time for a signal to be made and the observer to 
watch his opportunity and adjust the thread in each 20tli of a rev- 
olution, if you please, or in any other number of divisions. It is 
evident that it can be carried to that extent, and I am not eertain 
whether it was intended to be explained as if carried to that 
extent. 

Now, this subject touches, perhaps, a point of interest in regard 
to the permanence of metal ; that is, with respect to the bar, the 
permanence of the bar itself. If we could easily obtain a bar which 
could be divided into 20ths of a thread for its whole length and be 
perfect, it strikes me that this method of cutting a screw wonld re- 
sult in cutting a perfect screw, that is, perfect within onr present 
means of measuring, or present notion of precision in such matterB^ 
to say the least. 

As to the permanence of metals, that question, if it is toaehed 
upon, seems to be an important one here, not only to the standard 
bar, but to the screw which is to serve as a standard. A screw 
that has been made with great care, of course, should be permanent 
as to its constitution and dimensions. Dimensions are the leading 
point. If there is a change in the physical constitution in any way, 
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such as in tlie relation of the molecules, there would be a change in 
the dimensions of the screw. I was once struck with a remark in 
a letter I received from a young man employed at the Elgin Watch 
Works. He said that there, in making mandrels that they desired 
to use in work of great precision, they were in the habit of getting 
out the blocks of steel nearly to size, tempering them, if they were 
to be tempered, then laying them away a year or two to season. 
Xow, it seems to me that if there is anything in that, if it is 
necessary to season steel, it is quite necessary that these standard 
steel screws should be '* seasoned," and also the standard graduated 
bars to be used in guiding the screw cutting, whether it be carried 
to the extent of divisions of the revolution or not. I would like to 
ascertain what has been done in regard to those two points. 

Prof, Rogers, — The 6 foot screw in the new machine which has 
been referred to was cut in the way which Professor Robinson has 
described. It was not quite feasible to employ the principle of re- 
versing the half nuts in a screw having this length. Since the 
provisional leading screw was cut five threads to the inch and the 
bar was graduated to tenths of inches, it is obvious that the periodic 
errors (lei>ending on half revolutions of the leading screw were 
eliminated, but this operation is rather tedious and requires a great 
deal of care. Hence, in the new machine, there is an automatic de- 
vice for correcting the periodic errore which depend upon single 
revolutions of the 8Ci*ew. The larger share of the errors of this 
class are eliminated by means of a template. For the elimination 
of those which remain, dependence must be placed upon the 
principle of the reversiil of a nut divided into sections. Professor 
Ilowland has not yet published a description of his process of cor- 
recting a screw, but it is understood that lie divides the nut into 
four sections. A short nut of this kind has recently been made for 
me by Mr. l>allou, and its action is very satisfactory. I suppose 
that Professor Rowland has anticipated me in the use of a nut having 
four sections. I may or may not have anticipated him in the use of 
one having two sections. When these sectional nuts are placed in 
position u])on the screw, the faces of the threads of the screw and of 
the nut are everywiiere nearly parallel. They may even touch at 
every ))oint, but if there are periodic errors in the screw, the 
relation l)ctween the threads of the nut and of the screw will vary 
in every part of the revolution. By repeated reversals of the sec- 
tional nuts, therefore, the tendency will be to equalize the errors at 
every point. 
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Mr, Kent. — There has been a suggestion made about moving the 
leading screw along the lathe from end to end, and letting it 
project beyond the ends three or four feet, in order to have the nut 
move at all parts of the leading screw. I have a Boggestion to 
make as to how that might be accomplished without moving the 
leading screw. Let the leading screw revolve in its own place all 
the time, and have a secondary bar or shaft above it, which may 
project beyond the end of the lathe, to which the tool post is 
attached. The nut of the leading screw is to be clamped to this 
shaft in any part of its length, and the position of the nut on the 
screw changed from time to time so as to wear the screw uniformly. 
The shaft slides between bearings so that it shall always pull in a 
straight line (illustrated on the blackboard). 

Mr, Porter. — I would like to make one inquiry of Professor 
Rogers, and that is whether any attempt has ever been made to re- 
move the periodic errors by a system of scraping instead of grindiog. 
The reason I ask that question is this : It is obvious that when a 
perfect screw has been produced it is desirable that it be maintained 
as long as possible, that it shall have as long a lifetime and be 
capable of as nmch service in producing other perfect Bcrews as 
possible. Now, any grinding material whatever finding its way 
into the metal makes it a permanent lap. If that can be avoided, 
it seems to me that a longer lifetime would be insured to the 
screw, and it has seemed to me, without having gone into the sub- 
ject in my mind very carefully, that a system might be devised by 
which high points might be detected upon the face of the screw in 
the same manner as they are detected upon a plane sur&ce and re- 
moved by scraping, which can be done in a manner exceedingly 
delicate. My inquiry is whether any attention has been given to 
that — whether any effort has been made in that direction. 

Prof, Rogers, — Yes, the experiment was tried by Mr. Van 
Woerd, but without success. I do not think the plan wonld be 
possible. We do not deal with plane surfaces in cutting a screw. 
We deal with helices. 

The objection to the use of emery in grinding is not a serioofi 
one in practice, especially if the steel is hard. We shall yet have 
hardened steel screws. Tempered steel behaves quite as wdl as 
annealed steel under variations of temperature. I regard the co- 
efficient of my hardened steel standard as more securely determined 
than for any other metal except perhaps for copper. 

Mr. Bond,—\t may be hardened outside, and not in the center. 
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That is possibly the effect of a change of the co-cflScient of ex- 
pansion, because the main body of the bar is in a normal condition, 
and probably not very hard. We know that in standard cylindrical 
gauges that are made of tool steel, there are changes that come 
about that seriously affect the diameter of the ring which tits the 
gauge, but it is only in steel that is of very high carbon. 

Prof, Rogers. — I shall still be obliged to say that I do not be- 
lieve that the action which Mr. Bond describes is the result of a 
real change. All of my observations point to an absolute constancy 
in length soon after the steel is tempered. It cannot be possible 
that the effect of a change of two or three degrees in temperature 
at the surface of a steel plug two inches in diameter, will be to 
change the absolute diameter within a few seconds of time. Is it 
not more reasonable to suppose that the apparent increase of 
diameter may be due to the development of surface heat through 
surface friction in inserting the plug into the ring? 

The principle of conservation of forces applies here as elsewhere. 
A change in the entire mass requires a certain amount of time, but 
there is some evidence that strictly surface changes may occur, and 
it is possible that the observations made by Mr. Bond may be ex- 
plained in this way. The experience of Alvan Clark & Sons in 
applying the principle of local corrections in finishing an object- 
glass gives some color to this theory of local surface changes. Even 
in an object-glass of the largest diameter, two or three polishing 
strokes with the finger will change the curvature at that point only^ 
by an amount which can be instantly detected by the eye in the 
optical tests employed. Are we to say that the slight change in 
teniperatnre produced in the operation of polishing luis affected the 
entire mass of glass ? We might more reasonably go to the other 
extreme and say that in the operation of polishing the direction of 
the reflecting particles of glass which compose the surface is 
changed, and that the actual change in position is therefore 
enormously magnified by the change in the direction of the rays of 
light which reach the eye. It must, however, be clearly understood 
that this notion of surfa(;e changes, which are distinct from changes 
which occur in the whole mass, is only a tentative explanation of a 
very difficult problem. These slight changes are strictly local, and 
cannot in any sense be considered as affecting what we call the 
permanent " set " of metals. The observations of Mr. E. S. Wheeler 
show that in the case of zinc there may l>e a change of " set," but 
not in glass or steel. But in these experiments the change of tern- 
17 
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pcratnre was very violent. The bar of zine after having been 
packed in melting ice was qnickij removed and plunged into boiling 
water; After remaining in boiling water for two or tliree honrs 
tlie bar was re-packed in ico. Under tbe changes of temperatnre 
which occur in ordinary experience, the zinc bar eliould aaeume its 
normal length in melting ice within 15 or 20 minutes, but Mr. 
Wliecler found that after the bar had remained in the ice bath for 
24 IiourB, it was still much too long, and it wae only after an im- 
mersion of three days that it aesamed its normal length. These 
experiments were very carefully made, and probably a repetition of 
them would give nearly the same reaulte which Mr. Wheeler found. 
A small part of the amount of change of "set" may possibly he 
due to the fact that the bars were not wliolly immersed in the bath. 
It is my experience that the packing of ice shonld cover the bar to 
the depth of three or four inches, but the error which may arise 
from shallow packing cannot much exceed five or six mikrona, or 
about -jTiVi- inch. 

As far as I can learn, tlie positive evidence of "set" in any pnb- 
lislied record, is limited to the paper by Mr, Wheeler, and here the 
evidence is limited to a composite metal, viz. zinc. 

M?'. Obei'lin Smi'iA.— Mr. President, I want to soggest a possible 
method that has just occurred to me — perhaps, though, it will all be 
knocked into a cocked hat by tlie experience of some of the gentle- 
men — o£ making a prime leading screw from whicli to cut other 
screws. Suppose we had a large cast-iron drum, D, Fig. 65, — bo 




lai^e that the flexure would not amount to anything. It conld be 
made hollow for strength and to get less dead weight. Sappose it 
is a foot in diameter, and four or iive feet long. Suppose tliat into 
that, in a spiral line ss nearly as could be drawn, there were set a 
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great number of round pegs, forming the thread of the master 
screw, the nut consisting of a piece of metal, N, resting against 
their sides. You could obtain any degree of accuracy you wished, 
by making the diameter of the drum large and by making a great 
number of pegs. The nut running against quite a number of them 
would probably give an accurate enough surface contact. Any in- 
dividual errors occurring would extend through a very small angular 
part of the whole revolution of the drum. Suppose each of these 
pegs was adjusted in the direction of the axis, which could be very 
easily done by making the pin part which runs into the druu] 
slightly eccentric with the part which projects out. By revolving 
the peg, and sighting one side of it with the microscope of the 
comparator, by a very easy process, without any grinding or cutting, 
the whole thing could be adjusted and a true spiral could be 
obtained, irrespective too of the pegs having an exact uniform 
diameter. One side of all these pegs would be a ^^perfect^^ screw. 
Now, it seems to me that that could be revolved, and another per- 
fect screw cut from it. 

Prof, Rogers, — I should say that the method proposed is new, 
but I apprehend that in a practical application of the method the 
experience of Hoe would be repeated. In an attempt to produce 
an original graduation of a circle, Mr. Hoe fitted 360 pieces to the 
periphery of a wheel, with the expectation that by making the 
parts so nearly alike that they could be interchanged at will, he 
could obtain an exact division into 360 equal parts. I have not 
had the pleasure of seeing the apparatus, but I should not expect 
success with it, on account of the large number of surfaces with 
which one would be compelled to deal, viz., with 720. 

Mr, Oherlin Smith — You need have no extreme accuracy in 
making such a screw^, only in adjusting it, and we machinists do not 
pretend to adjust those pegs ; we turn that over to you. You have 
a microscope and a comparator, you can turn it round and look at 
every peg, and adjust it to the one-millionth of an inch. 

Prof. Rogers. — Without doubt you might get a pretty good 
screw in that way, since there would be no repetition of errors. 
Unless one can control the errors of a leading screw, a complete 
independence of a leading screw is to be desired. The members of 
the Society will recall the account in one of the journals of the 
method by which a screw was cut by the natives of India, without 
the help of a leading screw. It has been said that this screw is 
quite the equal of the best lathe screws of the present day. 
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Mr. Durfee, — I think the eiiggestion of Mr. Smitli was carried 
out some years ago by a mechanician by the name of Andrew Ross, 
of London, for the purpose of making a dividing engine for 
dividing instruments for measuring angles. Instead of using an 
ordinary worm, gearing into a large worm wheel, he had what was 
equivalent to a worm constructed something in this way : We 
will suppose a cylinder, on a horizontal axis, and around that 
cylinder one and a small fraction of a turn of a very deep threaded 
screw. 

Through this thread was a series of pins having hardened cast 
steel hemispherical ends ; these were adjustable in a direction 
parallel with the axis of a cylinder, and each one could be adjusted 
independent of the others. As the cylinder was turned each of the 
hemispherical ended pins came in contact successively with the 
hardened flat cast steel ends of a series of adjustable pins projecting 
through short arms securely fastened to the rim of the great wheel 
upon which the instrument to be divided was placed. These last 
natned pins were each placed parallel to a tangent to the great 
wheel. A full description of the invention of Mr. Ross will be 
found, accompanied with illustrative engravings, in the 48th volume 
of the Tmnsactions of the Society of Arts. 

Mi\ Oberlin Smith. — I would recommend this over that for its 
simplicity, as it is a common thing that any machinist could make 
in "three or four days" [laughter]. How much Zcm^^ he would 
be at it I do not know, but I imagine that in Mr. Bond's workshop 
it would not be an extremely long job. The pegs being in duplicate, 
he could make them cheaply, and they need not be sized very 
accurately, as they could fit tight in the holes by being slightly 
tapered. 

Mr. Porter. — I fancy, Mr. President, that each one of those j)eg8 
would need to be supplied with a worm wheel [laughter]. 

Mr. Oherlin Smith. — The eccentricity in those pegs need be so 
very slight — (I don't know how much, but probably a thousandth 
of an inch, or somewhere there, for the holes could be drilled with- 
in that limit easily enough) — the eccentricity would be so slight, 
and they would move so little, that they could be revolved with a long 
lever [laughter], and would answer the same purpose as Mr. Porter's 
worm gear exactly. 

P7*of. Webb. — Mr. Chairman, I should put a ball joint on the pins, 
so as to make them stand out [laughter], 

Mr. Chas. E. Emery. — I must say that it seems to me imposeible 



A PRACTICAL SOLUTION OP THE PERFECT SCREW PROBLEM. 257 

to consider the proposition of spirally arranged eccentric pins 
seriously. Mr. Porter's satirical suggestion is apropos. It was 
suggested that the pin device could be made in an hour or two, but 
there are few shops in the country which could do it accurately in 
a day or two or a month or two, if at all, as it involves that the hole 
for each pin be exactly radial and at right angles to the cylinder, 
that the pin fit the hole precisely, and that the face of the eccentric 
on the pin be exactly parallel. Otherwise the incline forming the 
nut will touch difl^erent pins at diflEerent distances from tlie centre 
of the cylinder. The difliculty is to work within one two-hundred- 
thousandth of an inch mentioned by Professor Rogers, when those 
of us who have tried know how difficult it is to find mechanics that 
can work within one-thousandth of an inch. The proposition as 
made is impracticable, but it is not improbable that the sides of 
fixed teeth spirally arranged could be ground separately to exact 
distances determined by a comparator. The teeth could be made 
either by driving in pins or by cutting a rough thread on a long pinion . 
An accurate series of faces being once determined, the interpola- 
tions would be made by making an accurate incline to form a nut. 

The siiffficestion of Mr. Porter that the surfaces could be 
scraped involves the unusual difficulty of operating upon a warped 
surface. A grinding wheel mounted so that it would always 
approach the thread at a fixed angle could be manipulated to touch 
any point, and gradually work it back to proper position by a com- 
parator. 

Mr. Braahea/r {by invitation). — In reference to the screw made 
by Professor Rowland, which Professor Rogers has referred to 
several times, I would say that I had the privilege of examining 
it while on a recent visit to the Johns Hopkins University, and 
I may say that Professor Rogers is correct in regard to the 
division of the correcting or grinding nut into four longitudinal 
parts, and I would also say that the correcting nut is the same 
length as the screw, L e., the same as used by your president 
when making the screw at Cornell. The grinding was done under 
water, emery being used as the grinding material, and the water 
was kept at the same temperature throughout the grinding pro- 
cess. Professor Rowland has published a preliminary paper on the 
work done by this magnificent screw, whose error, if I remember 
rightly, is not greater tlian one-half the mean length of a wave of 
light. He has also protnised a paper on the method of its con- 
struction, which; added to that of Professor Rogers, will certainly 
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greatly enhance our knowledge of this diffiealt, yet important 
problem. Referring to the question of abrading metal surfaces by 
grinding, I think we have much to learn. We know that grinding 
with emery has been abandoned in nearly all mechanical work, and 
scraping has taken its place, but this plan would evidently be 
inadmissible in the correcting of errors in a screw. My own ex- 
perience in using emery is, that no matter how carefully the work is 
done on ordinary steel or iron surfaces, the particles will imbed 
themselves in the surface, and many of them will remain there, the 
microscope always revealing them. I have made a goodly number 
of experiments in this line, and am convinced that we can find a 
grinding material for metal surfaces, which will possess all the good 
qualities of an abrasive powder without the dangerous qualities of 
emery, corundum, etc., which, becoming impacted in the wearing 
surfaces, must go on grinding as long as they are in use. In my 
experiments I have found elutriated or washed " Arkansas Oil 
Stone" powder to possess the same excellent qualities as emery 
without its dangerous qualities, save in a very limited degree. 
Superior to this is a material known as " Water of Ayr Stone " or 
''Scotch hone," which will cut glass very readily. To prepare 
these properly, they are crushed as fine as possible, then put into a 
glass jar with water enough to stand four or five inches above the 
powder. An ounce or two of mucilage is stirred in the water to assist 
in holding the finer particles in suspension. The powder and water are 
then thoroughly incorporated, the lighter matter that rises to the top 
skimmed off, and after the top water has stood undisturbed, say, for 
30 minutes, it is drawn off with a syphon to within a half inch of the 
settled powder. The very fine particles still in suspension in tlie 
water that has been drawn off are allowed to settle, which for the finest 
powder will take a day or more. The clear water is now poured back, 
and again stirred, and the water drawn off after standing fifteen 
minutes. The operation is repeated until powder may be obtained 
of only half a minute suspension. These powders may now be put in 
eases where they can be kept clean, and are labelled for use. In 
this way very fine and excellent working abrasive powders can be 
made, which I have reason to believe will be especially suited to 
the work of grinding accurate screws and kindred parts of fine 
machinery. Professor Rogers succeeds best with some sort of slate. 
In England, France and Germany many different sorts of slate 
have been used, especially in the working of surfaces on speculum 
metal. I think this subject one of much importance and a fruitful 



A PRACTICAL SOLUTION OF THE PERFECT SCREW PROBLEM. 259 

field of research, and I trust that our American mechanics will 
fully investigate the action of abrasive materials upon metal surfaces, 
80 as to arrive at the very best results. In reference to the question 
spoken of by my friend Mr. Keese, of the contraction and expansion 
of metals and other substances, I confess I have had to change 
materially my ideas of late. With Professor Rogers, I am convinced 
that the element of time plays an important part, and that rapid 
changes, such as can be readily seen by optical means, are, as a gen- 
eral thing, not changes of the whole mass by distribution of heat 
or cold throughout the whole substance, but simply changes of 
surface. Dr. Hastings has devised a beautiful test for optical surfaces 
by which the almost inconceivably small error of .00000002 of an 
inch can be detected. This test is called the color test, and is 
applicable particularly in testing glass surfaces. No human hand 
can possibly hope ever to work to such accuracy. Let two plates be 
placed together that we will say are optically flat. We see by 
angular vision a uniform tint distributed over the surfaces in con- 
tact or broad parallel bands. Let the finger or anything slightly 
different in temperature touch any of the surfaces, and " quick as a 
flash" the system of bands are disturbed, L e.j in so inconceivably 
short time that it seems utterly impossible that the disturbance 
should permeate the mass, but, contracting or expanding the sur- 
face, as the case may be, the material is pulled out of shape by this 
contracting or expanding process. Take the case of a glass 
speculum, say 2 inches thick. By Foucault's methpd, errors oi 
.00001 of an inch can be seen. Lay the finger on it in any spot for 
a moment, and a swelling is instantly seen that affects only the part 
touched, while the surrounding parts are disturbed very little in. 
deed ; gradually the swelling subsides. If, however, the speculum 
be polished immediately after this disturbance, and is afterwards 
examined when the speculum comes to its normal condition, a 
depression will be seen closely correlative to the elevation first 
formed. Can it then be other than a surface disturbance? These 
changes call up another question, i, 6., the idiosyncrasies of the 
molecular disturbances in the metal and glass surfaces we have to 
deal with. These are of such an unstable nature^ owing to the 
difliculty of obtaining homogeneous materials, that they will perhaps 
be the one factor that will forever bar the way to the most perfect 
results. Thanking you, Mr. President and members of this associ- 
ation, for so kindly listening to my remarks, I will not detain you 
longer. 
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CXLVII. 

RULES FOR CONDUCTING BOILER TESTS. 

BT WIUJAM KENT, M. E., WW TOBK. 

Mj object in bringing this paper before the uiembeiB of 
the American Society of Mechanical Engineers, is not to add to 
their store of knowledge of a subject on which most of them 
are already well informed, but to open a discussion which may 
eventually lead to the adoption of a set of rules for conducting 
boiler tests which may be generally accepted among engineers as a 
standard code of practice. 

The necessity for such standard rules is becoming apparent, as 
greater attenticm is being paid to economy of fuel, and as there is 
greater competition among builders of steam boilers and engines to 
supply the demand for such economy. Hitherto there have been 
no such rules, and every engineer who m^kes a boiler test makes a 
rule for himself, which may be varied from time to time to suit the 
convenience or interests of the party for whom the teat ia mad& 

As a result of the confusion of methods of making testa there it 
a great lack of concordance of results in tests of the same boilers 
w4ien made by different engineers. Reports of tests are frequently 
made, and sometimes published, in which the evaporation of water 
per pound of fuel is greater than is theoretically possible in a per 
feet boiler. Communications often appear in the engineering and 
industrial weekly press which show that there exista a serious 
doubt in many minds of the accuracy of boiler teats which are 
made, even by eminent engineers. 

The advisability of the adoption of a standard method of boiler 
testing has been felt abroad as well as in this country. Two 
societies in Germany, the Union of German En^neera and the 
Central Union of Associations for the Care of Steam Boilers, re- 
cently appointed a joint committee, which drew up a code for the 
testing of steam boilers and engines, an abstract of which is 
published in the "American Engineer," of August 24th and Slst, 
1883. TJie German Code is scarcely such an one as is likely to 
find favor in this country, but it is desirable that some code be 
adopted here which would find general acceptance. Tho mlea ap- 
pended hereto are offered as a proposition for such a code^ and the 
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intelligent criticism of onr membei's is requested, to the end that 
the rules may be amended and put into such form that they will be 
likely to be adopted in practice. 

It is especially desirable that some standard method of starting 
and stopi)ing the test should be adopted. I believe that the 
method preferred by the writer, and therefore inchided in the pro- 
posed set of rules, will be more generally criticised than any 
otlicr of the rules, and, therefore, the reasons will here be given 
for the preference, mentioning some of the arguments for and 
against both this and the alternate methods. 

METHOD OF 8TABTING AND STOPPING TESTS. 

The conditions of tlie boiler and furnace should be in all respects 
the 8ame at the end as at the beginning of a test. The steam press- 
ure and the water level should be the same. The fire upon the 
grates should be the same in quantity and condition, and the walls, 
Hues, etc., should be of the same temperature. 

It, is difficult to secure uniformity in all of these conditions. 
Several methods to secure a near approximation to uniformity may 
be practised, of which four methods will here be considered. 

1st. Start the test when the boiler is in full working order with 
fires level on the grates and in ordinary working condition, and 
stop the test when fires are at the same height and in same condi- 
tion as at the beginning. 

The most serious objection to this method is that it introduces an 
element of guess-work at the beginning and at the end of the test, 
both as to de])th of fuel on the grate and its condition. It is 
difficult to estimate within an inch or two the depth of fuel on the 
grate with a dull tire and hard coal, but still more difficult when 
soft or fiamingcoal is used, and even if possible to estimate closely 
the rjuantity of fuel, it is not ]>()ssil)le to judge correctly of its con- 
dition as to the amount of ash it contains or as to the amount of 
available heating power remaining in it. For this reason I think 
this method of starting and stopping a test diould be rejected. 

2d. When the fires have burned rather low, as for cleaning, re- 
move rapidly all the fire from the grate, and clean the ash pit, and 
as (juickly as possible start a fresh fire with weighed wood and ccaL 
noting tlie time of starting the test at the instant the fire is lighted. 
At the end, burn the fires low as at the beginning, and remove the 
wh<»le fire, cleaning the gnites, and noting the end of the test at the 
time when the grates are cleaned, taking note of the water level and 
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Bteam pressure, which should be, as nearly as possible, the same as 
at the beginning. 

In tliis method an error is introduced both at the beginning and 
at tlie end. While there is no error in the estimation of the quan- 
tity of fuel used, a serious portion is wasted both at the beginning 
and at the end of the test by radiation, and by the passing of 
cold currents of air through the boiler. During the operation of 
drawing the fire, the walls of the furnace become cooled, and during 
the first half hour at least of the test, while the tire is being lighted, 
the fires are not burning as under ordinary working conditions, and 
probably not with usual economy of the fuel. At the end of the 
test, before opening the doors to clean, the walls of the furnace are 
very much hotter than they were in the beginning of the test, and 
a large portion of the excess of heat is lost, not being absorbed by 
the boiler before the ending of the test, but radiated during the 
cleaning, absorbed by the cold air which rushes in at the time of 
cleaning, or remaining in the walls after the end of the test. The 
heat remaining in the hot fuel withdrawn is also lost. The errors 
in this method are all against the boiler. 

3d. The fires are burned low, as in the second method, but the 
time of starting the test is taken to be the instant just before open- 
ing the doors to clean grates. The water level and steam pressure 
are noted, and all the water fed from this time to the end of the 
test is credited to the boiler. The fires are then rapidly cleaned 
and a fresh fire started with weighed wood and coal, which is 
charged to the boiler. At the end of the test the fires are burned 
low as at the beginning, and the end of the test is taken to be the 
time at which the doors are opened to remove the coal from the 
grates, the water level and the steam pressure being noted at the 
same time. 

In this method the error is that due to- the cooling of the walls 
of the furnace by radiation and by cold currents of air during the 
cleaning of the grates at the beginning of the test, and also that 
due to imperfect combustion during the time of lighting the fresh 
fire; the error being always against the boiler. 

In both the second and third methods the fire removed from the 
grates contains a large portion .of unburned coal. This is some- 
times picked out and its weight deducted from that of the coal 
fired, but such picking can never be accurately done, and the result 
always shows a higher than the true percentage of ash. If the 
boiler test is made for the pui'pose of determining the quality of 
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the coal, as well as the eflSciency of the boiler with such coal, the 
second and third methods are thus unfavorable to the coal, since 
there is more unburned coal removed from the grates than there 
would be in ordinary working conditions. 

In a test in which the capacity of the boiler is an essential 
feature to be determined, the second and third methods also give 
unfavorable results, since of the total time of the test, for at least 
half an hour, — while the fresh fire is being lighted, and again when 
the fires are being burned down at the close, — the boiler will not 
give its usual capacit3\ 

4th. At the regular time for slicing and cleaning fires have them 
burnt rather low, as is usual before cleaning, and then thoroughly 
cleaned, note the amount of coal left on the grate as nearly as it 
can be estimated, note the pressure of steiim and. the height of the 
water level (which should be at the medium height to be carried 
throughout the test) at the same time, and note this time as the 
time of starting the test, and fresh coal which has been weiglied 
should now be fired. The ash pits should be thoroughly cleaned 
at once after starting. Before the end of the test the fires should 
be burned low just as before the start, and the tires cleaned in such 
a manner as to leave the same amount of fire, and in the same con- 
dition, on the grates as at the start. The water level and steam 
]>r(?ssuro should be brought to the same point as at the start, and 
the time of the ending of the test should be noted just before fresh 
coal is fired. 

The i)rincipal error in this method is that of estimation of the 
quantity and condition of the fire upon the grates. The condition 
of the fire is made as nearly uniform as possible by burning down 
and cleaning, and the error in estimation of quantity is lessened by 
the fact that the quantity on the grate after cleaning is less than at 
anv other time. 

On account of the various errors and inconveniences necessarily 
attending the first, second and third methods of making a test, the 
writer is inclined to favor the fourth metluHl. liecognizing the 
existence of an error of uncertain quantity in the estimation of the 
quantity and condition of the fire upon the gnite at the beginning 
and end of the test, it will always be less than the unavoidable 
error against the boiler due to the cleaning of the grates and light- 
ing of fresh fires, as in the second andthinl methods, and less than 
the error in estimating the thickness and condition of fires as 
in the first method. 
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Where extreme accuracy is desirable, as m a competitive test 
between rival' boiler-makers, the fourth method will be still pre- 
ferred, but then a test should be made not less than twenty-four 
hours long, the working to be continuous during the whole time. 
The longer the test the less the percentage of error. 

With these preliminary observations, the proposed code of rules 
will now be given, which are respectfully submitted to the Society 
for discussion. 

RULES. 

PRELIMINARIES TO A TEST. 

« 

I. Establish the good condition of the hoiler. — Have heating sur- 
face clean inside and out, grate bars and sides of furnace free from 
clinkers, dust and ashes removed from back connections, leaks in 
masonry stopped, and all obstructions to draught removed. See that 
the damper will open to full extent, and that it may be closed when 
desired. Test for leaks in masonry by firing a little smoky fuel 
and immediately closing damper. The smoke will then escape 
through the leaks. 

II. See that the hlow-off valve is perfectly tight, and that there 
are no leaks of water from the boiler. During the test the blow- 
off pipe should remain exposed, and any water which escapes from 
it should be measured, or preferably it should be closed by a cap. 

III. See that there is no other feed pipe connected with the 
boiler than the one which delivers the measured water, also that all 
connections with other boilers, either in water or steam spaces^ 
are stopped with blind flanges instead of valves. If an injector is 
used it must receive steam directly from the boiler being tested, 
and not from a steam-pipe, or from any other boiler. 

All coimcctions to or from the boiler should be broken except 
those in use during the test. Thus if both pump and injector are 
attached to the boiler, the one or the other should be disconnected. 

IV. See that the steam-pipe is so arranged that water of conden- 
sation cannot run back into the boiler. If the steam-pipe has such 
an inclination that the water of condensation from any portion of 
the steam-pipe system may run back into the boiler, it must be 
trapped so as to prevent this water getting into the boiler without 
being measured. 

V. Have an undei'standing vnth the parties in whose interest 
the test is to be made as to the character of the coal to be used. 
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The coal must be dry, or if wet, a sample must be dried carefully 
and a determination of the amount of moisture in the coal made, 
and the calculation of the results of the test corrected accordingly. 

Wherever possible the test should be made with standard coal of 
a known quality. For that portion of the country east of the 
Allegheny Mountains, anthracite egg coal, or Cumberland semi- 
bituminous coal should be taken as the standard for making tests. 
West of the Allegheny mountains and east of the Missouri River, 
Pittsburgh lump coal should be used.* 

YI. In all important tests a sample of coal should be selected for 
chemical analysis. 

VII. Estahlish the correctness of aU apparatus used in the test 
for weighing and measuring. These are : 

(1) Scales for weighing coal, ashes and water. 

(2) Tanks, or water meters for measuring water. 

(3) Thermometers and pyrometers for taking temperatures of 

air, steam, feed water, waste gases, eta 

(4) Pressure gauges, draught gauges, etc. 

VIII. Measure and record the dimensions, position, etc., of 
grate and heating surfaces, flues, chimneys, etc. 

IX. Before beginning a test, the boiler and chimney should be 
thoroughly heated to their usual working temperature. If the 
boiler is new, it should be in continuous use at least a week before 
testing, so as to dry the mortar thoroughly and heat the walls. 



STARTING AND STOPPING A TEST. 

A test should last at least ten hours of continuous running, and 
twenty-four hours whenever practicable. The conditions of the 
boiler and furnace in all respects should be, as nearly as possible, 
the same at the end as at the beginning of the test. The steam 
pressure should be the same, the water level the same, the fire upon 
the grates should be the same in quantity and condition, and the 
walls, flues, etc., should be of the same temperature. To secure as 
near an approximation to exact uniformity as possible in conditions 
of the fire and in temperatures of the walls and flues, the follow- 
ing method of starting and stopping a test should be adopted : 

* These coals are selected because tbey are about the only coals which contain 
the essentials of excellence of quality, adaptability to various kinds of furnaces, 
grates, boilers, and methods of firing, and wide distribution and general ac- 
cessibility in the markets. 
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At the regular time for slicing and cleaning fires have them 
barnt rather low, as is usual l)efore cleaning, and then thoroughly 
cleaned ; note the amount of coal left on the grate as nearly as it 
can be estimated ; note the pressure of steam and the height of the 
water level (which should be at the medium height to be carried 
throughout the test), at the same time ; and note this time as the 
time of starting the test ; and fresh coal which has been weighed 
should now be fired. The ash pits should be thoroughly cleaned 
at once after starting. Before the end of the test the fires should be 
burned low, just as before the start, and the fires cleaned in such a 
manner as to leave the same amount of tire, and in the same con- 
dition, on the grates as at the start. The water level and steam 
pressure should be brought to the same point as at the start, and the 
time of the ending of the test should be noted just before fresh 
coal is fired. 

DURING THE TEST. 

1. Keep the conditions uniform, — The boiler should be run 
continuously, without stopping for meal times or for rise of pressure 
of steam due to increased demand for steam. The draught being 
adjusted by meiins of the damper to the rate of coal combustion 
desired before the test is begun, it should not be changed during 
the test. 

If the boiler is not connected to the same steam-pipe with other 
boilers, an extra outlet for steam should be provided, in case the 
pressure should rise to that at which the safety valve is set ; and in 
case of such rise of pressure it should be reduced to the desired 
point by opening the extra outlet, without checking the fires. 

If the boiler is connected to a main steam-pipe with other 
boilers, the safety valve on the boiler being tested should be set a 
few pounds higher than those of the other boilers, so that in 
case of a rise in pressure the other boilers may blow oflE, and the 
pressure be reduced by closing their dampers, allowing the damper 
of the boiler being tested to remain open, and firing as usual. 

AU the conditions should be kept as nearly uniform as possible, 
such as force of draft, pressure of steam, and height of water. The 
time of cleaning the tires will depend upon the character of the 
fuel, the rapidity of combustion, and the kind of grates. When 
ver}'^ good coal is used, and the combustion not too rapid, a ten-hour 
test may be run without any cleaning of the grates, other than just 
before the beginning and just before the end of the test. But in 
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case the grates have to be cleaned during the test, the intervals be- 
tween one cleaning and another should be uniform. 

2. Keeping the records, — The coal sliould be weighed and de- 
livered to the firemen in equal portions, each sufl&cient for about 
one hour's run, and a fresh portion should not be delivered until 
the previous one has all been fired. The time required to consume 
each portion should be noted, the time being recorded at the in- 
stant of firing the first of each new portion. At the same time the 
amount of water fed into the boiler should be accurately noted and 
recorded, including the height of the water in the boiler, and the 
average temperature of feed and pressure of steam during the time. 
By thus recording the amount of water evaporated by successive 
portions of coal, the record of the test may bo divided into 
several divisions, if desired, at the end of the test, to discover the 
degrees of uniformity of combustion, evaporation, and economy, 
at different stages of the test. 

When the pressure of steam and temperature of feed are nearly 
constant, half-hourly observations of each will bo sufficient ; but 
when there is considerable variation, observations should be made 
more frecjuently, and the figures recorded should be the averages 
fc>r each interval of time rather than the figures which are observed 
at the end of the interval. 

3. Primmg tests, — In all tests in which accuracy of results is 
important, calorimeter tests should be made of the percentage of 
moisture in the steam, or of the degreee of superheating. At least 
ten such tests should be made during the trial of the boiler, and 
the final records of the boiler test corrected according to the aver- 
a<;e i-esults of the calorimeter tests. 

On account of the difficulty of securing accuracy in these tests, 
the greatest care should be taken in the measurements of weights 
and te!n|)eratures. The thermometers should be accurate to within 
a tenth of a degree, the scales on which the condensed steam is 
weighed to within one-hundredth of a pound. 
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REPORTING THE TEST. 



The final results slionld be recorded upon a properly prepared 
blank, and should contain the following items: 



1. 

2. 

8. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
18. 
14. 
15. 

16. 

17. 

18. 

19. 

20. 

21. 

♦22. 

23. 
24. 
25. 
26. 



Heating surface 

Grate surface ( ft. in. long x ft. in. wide). 

Ratio of heating to grate surface 

Kind of fuel used 

Duration of test 

Average steam pressure 

Average temperature of feed 

Pounds of coal burned 

Pounds of refuse 

Pounds of combustible 

Per cent, of refuse 

Coal burned per sq. ft. grate per hour 

Total water evaporated 

Water evaporated per hour 

Water evaporated per sq. ft. beating surface 
per hour 

Water evaporated per lb. coal — actual con- 
ditions 

Water evaporated per lb. combustible — actual 
conditions 

Water evaporated per lb. coal — from and at 
212® 



Water evaporated per lb. combustible from 
and at 21 2° 

Quality of steam. (Moisture or superheating). 

Hated horse-power. (Builder's rating) 

Horse-power developed at 30 lbs. of water 
evaporated per hour from and at 212° 

Per cent, above (or below) rated capacity 

Temperature of boiler room 

Temi)erature of flue gases 

Force of draught in inches of water 



sq. ft 
8q. ft. 



lbs. 
deg. 
Ibc 
Ibc 
lbs. 
pereent. 
Ibfi. 
Iba. 
lbs. 

lbs. 

lbs. 

Ibi^ 

lbs. 

Ibo. 

ttP. 

H,P. 

peroenl 

deg. 

deg. • 

inchei. 



DISCUSSION. 

\hlr. Le Van, — Mr. President, Mr. Kent prefers 212 d(^;ree& The 
objection to that is that we have a great many condenBing engines 
now, and the condensing water does not exceed 120 degreeSi and 
very few feed-water heaters average over 180 degrees. I tiiink 
100 degrees would be a better standard, and the reduction oonld 
be made just as easily, of course. 

* The cu.stomary method of rating horse-power is 30 lbs. of water per bone* 
power per hour from a feed- water temperature of 212° into steam at 70 Ump. pn^ 
sure above the atmosphere, which is equal to 30.985 lbs. from feed at 819* loto 
steam of the same temperature. The writer prefers the calcolatfons both of 
economy and horse-power to be made on the basis of evaporatioii fiom and at 
212°, for the sake both of uniformity and of convenience in calculatlov. 
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Mr. Kent also says that he prefers averaging the fires at the com- 
mencement and end of the test. That is mere pjuess-work. If you 
want accuracy, you never guess at it. So I think we shall have to 
adopt some method of arriving at the amount of fuel on the grates 
other than that suggested. 

I would say further that the pressure stated by him, 70 pounds 
per square inch, is not considered sufficient at the present day, with 
the introduction of electric lights, and small high speed engines. 
Higher pressure must be carried to produce the power. You will 
find the majority of boilers now are carrying 100 pounds, and, in 
fact, we would like to have 150 pounds pressure per square inch. 
Consequently we shall have to increase the pressure in any standard 
we may adopt. 

Mr, JV. W. Pratt, — (Presented in writing, and read by the secre- 
tary.) In regard to the method of starting and 6top[)ing boiler 
tests as proposed by Mr.J{^ent, a diflFerent plan would eliminate two 
of the possibilities for error as far as the fuel is concerned and the 
amount that is actually appropriated for the use of the boiler. 
I would make the following suggestions: 

Given a boiler to be tested at, say, 75 pounds pressure. Arrange 
the safety valve to carry pressure up to 100 pounds. Start the fires, 
and get everything in good working condition, wnth the safety 
valve loaded to 100 pounds, and raise steam to that pressure. Clean 
tlie fire thoroughly, spread it evenly over the grates, estimate its 
thickness, remove the 25 pounds extra weight on the safety valve, 
allowing the steam to blow otf, and call "Time" when 75 pounds is 
reached. 

Just before the time for stopping the test, reload the safety valve 
to 100 pounds, raise steam to this pressure, clean the fires thor- 
oughly, spread the coal, estimate its thickness, remove the 25 
pounds extra weight on safety valve, and call " Time " when steam 
reaches 75 pounds pressure again. Meanwhile haul the fire and 
quench the coal. 

By this method the error due to the amount of air which passes 

into the furnace both at the starting and stopping of the test is 

eliminated, and the amount of coal on the grate in practically the 

same condition, as far as combustion is concerned, has been guessed 

at, at the beginning and end of the test. By weighing the quenched 

coal wliich is hauled from the grate at the end of the test after the 

fire has been cleaned, spread and estimated, a check will be made 

on the two guesses, and a definite weight of coal can be assumed 
18 
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to have been on the grates in the same condition at the starting and 
stopping of the test. If the estimate on starting the test was that 
the cleaned lire was six inclies thick, and the estimate at the end 
of tlie test was that tlie cleaned fire was four inches thick, by 
weighing the amount of quenched co;il we have the amount of 
coal in the four inch tire, and by adding 50 per cent, will have the 
amount of coal in a six inch fire. It strikes the writer that this 
would, as far as possible, eliminate the question of admission of air 
into the furnace, while cleaning fires and the differences in tem- 
perature of furnaces and walls which occur if fresh fires are lit. 

3[7\ Charles E, Emery, — The rules proposed by the writer of the 
paper are, in my opinion, quite good in a general sense. They 
lack in detail, which the writer says was intentional, with a view of 
bringing out discussion. The lack of detail very often goes to the 
root of the matter. In looking over the portion of the paper which 
was not read, I find what I consider an error in the directions 
specified for the not uncommon method of raising steam to the re- 
quired pressure before making test, then hauling fires and starting 
with a clean fire, and at the end again hauling fires. This is the 
second method mentioned in the paper, and the- directions are, 
after hauling fires, etc., to " as quickly as possible start afresh fire 
with weighed wood and coal, noting the time of starting the test 
at the instant the fire is lighted," and again provides for "not- 
ing the end of the test at the time the grates are cleaned." The 
time stated for starting and stopping the experiment are in my 
opinion wrong. The experiment should start when the boiler com- 
mences generating steam at a fixed pressure, and should be consid- 
ered as ended when it ceases to generate steam at that pressure. 
To accomplish this I always arrange in starting and stopping a 
test of tliis kind that the boiler to be tested be disconnected en- 
tirely from other boilers, and the steam conducted away through 
an open i)i])o, regulated preferably by a safety valve. The opera- 
tion then is, first to raise steam to the desired pressure, so that the 
safety valve previously adjusted, will blow freely ; then the fires 
are to be hauled, new fires started, etc., and in the interim the water 
level is noted after the safet}'^ valve stops blowing, and the time 
of commencing test noted when the safety valve again blows on 
account of starting new fire. The ending of the test with position 
of water in gauge is to be noted when the safety valve closes 
after fires are hauled. The tank measurements would be those 
taken between these two intervals, and evidently all the water 
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that leaves the boiler in that time is evaporated by the fuel used 
during the test. The actual time the fuel is burning may vary a 
little from the above interval ; but this, it seems to me, is the 
only way to obtain the absolute quantities both of fuel and water. 

The method of making a " flying " start and stop is much simpler, 
and, after some experience, gives satisfactory results. Tlie third 
method in tlie Rules — really a modification of the first — is much 
the safer of the two, as it proposes to estimate the fuel on the grates 
immediately after cleaning fires, when the quantity present — and 
therefore the possible error — is small. 

By either method it is very essential that the feed be steady for 
some time previous and immediately up to the time of starting and 
stopping the experiment. It is very easy to run the pump rapidly 
for a short time before making the record, and thereby introduce 
considerable more water than for regular conditions, from the fact 
that the water will become heated in a short time and expand, 
changing materially the level in the glass. The difficulty of pre- 
venting this, at least to some degree, makes it at times desirable to 
produce uniformity at the beginning and end by stopping the feed 
entirely a number of minutes before starting and stopping, and not- 
ing the time in both cases when the water is evaporated down to 
a certain mark. To do this requires, however, that the experiment 
stop, not at the actual moment when fires are lowest after cleaning, 
but at a certain time after the fire has burned throuijh. There are 
errors in either method of starting and stopping the test, but they 
become unimportant when a long test is made. 

The difficulties incident to making accurate measurements apply 
to testing boilers as well as to other matters. Too often boiler tests 
are undertaken with a poor equipment and too little assistance. 
Often a person will attempt to make a boiler trial alone. It is pos- 
sible for one to dodge around to the water tank, watch the firing, see 
that the coal is weighed, and between times get a few temperatures ; 
but at the end of a reasonably long run he will be so tired that he 
will not know whether the work was thoroughly done or not. 
Much the better plan is to have an assistant at each point of ob- 
servation, particularly one to weigh the coal and another one to 
measure the water. If calorimetric tests are undertaken, still an- 
other should be provided. The principal is then left free to oversee 
the work of all. 

It is not uncommon to be obliged to make boiler tests where par- 
ties are present antagonistic to a fair test. Some of us have had ex- 
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perience with steam gauges set fast, water escaping through nnex- 
peeted openings, fuel brought in 8urre|)titiou8ly, and the like. While 
much difficulty can be avoided by blanking off all tinased pipe con- 
nections, still methods are found to cause inaccuracies, and as it is 
not pleasant to accuse others of dishonesty, it is always better to have 
enough help to prevent the possibility of so-called accidents or mis- 
takes. It is also necessary to have assistants with sufficient calibre 
that they cannot be persuaded by interested parties that they have 
tallied a barrow of coal or that they have not tallied the last barrel 
of water, or the like. This brings up another feature, the method 
in which tallies should be kept. It may seem very simple, in a dig- 
nified body like this, to speak of the matter; but it is surprising 
how few can keep an accurate tally. One can put down 1, 2, 3, 4, 
and a cross-mark, but when there are waits of ten or fifteen min- 
utes between marks, confusion often arises as to whether the last 
tally has already been made. The only way to prevent this is to 
take a special line on the record paper for each tally, and note op- 
posite it the time of a particular portion of the operation; for in- 
stance, when a wheelbarrow load leaves the scale, or when the load 
is dumped on the floor, or when a particular valve is opened to let 
the water down to the pump, or something of that kind. Then, by 
weighing coal and feeding with even approximate regularity, it 
will be impossible to make a mistake of a whole measure of coal 
or of a whole tank of water. Simple checks of this kind are far 
more important than reading all the thermometers to tenths of a 
degree. 

Again, as to the apparatus for measuring the water. Measure- 
ments can be made with one tfink by filling to one mark and pump- 
ing down to another, but it is not the proper way to stop feeding 
while tank is filling. The feed should be regular, so that two tanks 
may be called a necessity, and three are better — two measuring 
tanks, used alternately, and a third tank from which the feed is 
taken. The latter should have parallel sides, so that differences in 
height can be checked ofl^" at regular intervals 

In regard to the quality of the steam, I think that the feature 
which was first brought out in my own report on Centennial tests 
in regard to the steam pipes from boiler to calorimeter, should be 
well considered. I will not enlarge the discussion by expressing an 
opinion as to the kind of calorimeter that should be used. The sub- 
ject is large enough for a special paper ; but any good calorimeter 
will often show superheating for a boiler having no su] 
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surface, unless the connection to boiler be very large and reduced by 
a series of steps to the calorimeter, substantially as pointed out in the 
report previously referred to.* The reason is that if we withdraw 
steam rapidly through a small pipe tapped into a large one, the 
pressure and temperature of the steam in the small one will be re- 
duced so that the entering steam will receive heat from the sur- 
rounding metal, the temperature of which will be kept up b}'^ the 
current of steam passing through the larger pipe. The consequence 
is that the steam in the small pipe shows more than its proper share 
of heat. By making the outlet leading to the calorimeter quite 
large, so that the steam flows into it without appreciable velocity, 
and then reducing at a distance from the main steam pipe, the small 
pipe can carry ofl:' no heat from a passing current. Even with this 
precaution, on ordinary barrel calorimeters a trifle of superheating 
will be shown at times with boilers having no superheating surface, 
but at other times a slight percentage of moisture will be found ; so 
the average will show dry or nearly dry steam. The variations are 
due to small errors in observation, which, not being cumulative, off- 
set each other in making the average. 

Mr, Le Van, — Mr. President, I would like to say in regard to Mr. 
Pratt'r. observation about increasing the boiler pressure to 100 
pounds, where the certificate calls for 75 pounds, that pressure can- 
not be carried, from the fact that most of our cities have rules for 
the inspection of boilers which would prevent it. If a boiler is 
tested to carry 75 pounds, the safety valve can only be set at 80, so 
that increasing the boiler pressure to more than five pounds would 
not be allowed. 

In regard to checking the errors in toal, I would state that in a 
test we generally lay down coal enough for an hour's run — weigh it 
out. Each firing is weighed, and at the end of the hour we weigh 
the coal left over. All water is always weighed at the commence- 
ment of the test, at each charge of water to the boiler the difference 
is noted, and then what is left is weighed at the end. But I think 
you must find some other plan than guessing at the condition of 
the coal on the grate at the end of the trial. If anybody burns 
anthracite coal, and can tell about the condition of that coal by 
looking in the furnace, then I confess I do not know anj^thing 
about it. Some anthracite coal will apparently be four inches thick 
when it is all ashes. Bituminous coal I have had no experience in 

♦ Report of Group XX. Judges of the Centennial Exhibition, page 82. 
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to any exleiit, but I am satisfied that no proper teat can be made 
where yoii have got to guess at any part of it. 

Mr. Woodbun/. — Mr. President, the qnesfion of the amount of 
conl at the beginning and the end of a test is a matter of assump- 
tion or of guess-work wiiose aecnraoy is dependent on ft pereonal 
erjiiation of tlioso who have the matter in charge, and the graphical 
methwl can sometimes be used in that matter. A few years ago, I 
was eonnetited with a duty test of a city pnmping works in New 
England where I used tlie graphical method in this manner. 
Taking several sheets of dijigratn paper, I laid off horizontally the 
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time, something over a Inindred hours to the test — and the vertical 
ordiniites represent the aggregate amount of coal fed down in front 
of tho boilers; the whole diagram being about ten feet long. As 
each delivery of coal was made, the time was taken, as well as the 
weight of the coal, and that was platted on this diagram paper, and 
the subsequent one with its time added to it also platted. And so, 
as the assistant kept np the aggregate amount of coal, we knew at 
all times how much coal had been delivered to the boiler room, and 
the whole result was something like this (illustrathig by means of 
blackboard drawing, Fig. 66). Tiie man in charge of those boilers 
was not handicapped by the ten commandments in his desire to 
make as good a show as ]x>8sible. When the test began the con- 
suniption of coal was rather more rapid. For a while it was 
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essentially the same, until a few hours previous to the time at 
which he supposed the test was to be brought to an end, and then 
he caused his men gradually to reduce the amount of coal in their 
harrows, and it fell off as shown at the right hand of the line. The 
time included between the lines x , x , was that taken for the 
duty trial. 

This method would not apply to a test where the consumption of 
steam might be variable. 

Mr, Nagle, — Mr. Woodbury's practice is also my own. If his 
rough sketch had l)een nearer to scale it would have shown the 
curve much steeper at the beginning and less steep at the end. 
There is no way in which the data of a boiler test can be so intelli- 
gently and satisfactorily studied that correct conclusions may be 
arrived at, as by the graphical method. 

After the usual precautions have been taken and preparations 
made, let the steam pressure be at its ordinary working pressure, 
the water line at its usual point, clean out the furnace and ash pan 
and make a new fire, noting the weight of fuel and time, which is 
the beginning of the test. 

Prepare equal weight of fuel, say in 100 pound lots, and fire in 
the usual manner to keep up steam at its working pressure, 
but always noting the time the 100 pounds are thrown into the 
furnace. 

As the water consumption is so much greater than the coal, it is 
not practicable to feed in like manner, but instead note the amount 
fed at regular intervals of time, say every 15 minutes. The water 
line can be, and should be, kept at the same point during the entire 
test. The steam pressure should be recorded every 15 minutes and 
maintained uniform throughout the test as near as may he, but it 
must be the same during the latter part of the test at all hazards. 

When it is desirable to bring the test to a close, and no more fuel 
is fed, continue to burn all possible fire there can be got out of the 
fuel, until nothing but ash and clinker remain ; keep up the water 
line to its normal point, but the steam pressure will necessarily 
fall. We have now data from which we can ascertain the truth of 
things. 

The weiijrht of all the fuel used and the wei^^ht of all ash and 
clinker, gives us the total net combustibles, or efficiency of the fuel. 

Xow make a diagram of the fuel, water, and steam pressure, to 
a scale that will permit the lines to run near each other, and it will 
be found that at the beginning of the test the coal line is far above 
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the water line, then for the greater part of the test it is parallel 
with it, and at the end it is more or less below it. Theoretically^ 
the area of the coal line above the water line should be nearly 
equal to (a little greater tlian) the area below it at the end, but 
according to the bias or skill of the arranger, these areas will vary 
very much, and it is with a view of exposing the facts to sight that 
the graphical metliod protects us against erroneous conclusions. 

We shall find that from one-lialf to three-quarters of an hour 
after the tes^t began that the coal, water, and steam lines will run 
togetlier, and this is the true beginning. During the continuance 
these lines may fluctuate, but near the end the steam line should be 
kept up with conscientious care, and when it can no longer be kept 
up and the water and coal lines are yet together, the end of the 
test proper has arrived, and the coal and water between these two 
points furnish the true basis for calculating the ratio of coal to 
water. 

Mr. Woodbury, — ^Mr. Nagle calls my attention to what was an 
omission of statement. We did plat the amount of water fed into 
the boilers, and platted it on the same paper, at a scale of one-tenth 
that of the coal. So the evaporation being, of course, nearer ten 
pounds than any other even decimal, the lines were at a tolerably 
uniform angle with each other. 

Mr, Porter. — Mr. President, there seems to be an erroneous as- 
sumption. The graphical line represents the coal that is added to 
the fire, and the assumption is that it represents the coal that is 
burned, and all that we want to know is the latter. Probably the 
gra[)hical line representing the evaporation, if it were parallel with 
the graphical line representing the coal added to the fire, would de- 
monstrate that the combustion kept pace exactly with the addition. 
A man in adding coal to a fire all day may increase or diminish the 
quantity of coal upon his fire. The graphical line would in be one 
Ciise more steep, in the other would approach the horizontal. But 
the graphical line representing the evaporation of water will repre- 
sent also the combustion of coal ; and if that should be parallel with 
the line representing the addition of the coal, then it would show 
not onlv the addition but the combustion. But it seems to me that 
really the only experiments which will command approval, which 
will carry on their face the evidence that they are correct, are ex- 
periments in which the trial is commenced on a clean grate, and 
ended with a clean grate, what is left in the grate being carefully 
weighed. The fires are very deceptive. I do not think Mr. Le 
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Van has overstated the ease of the appearance of fires. It is not 
possible for the difficulty to be overstated. 

I was told once by an engineer that if a test was limited to five 
hours, he would undertake on that basis to run without any coal at 
all, and to satisfy any intelligent man using the furnace that he had 
as much coal at the end of the test as he had at the beginning — no 
doubt of it. 

Professor Wehh, — Mr. Chairman, I think if a very accurate test 
was to be made, I should endeavor to have the grate made indepen- 
dent of the boiler, and so arranged with scales that the whole- 
grate, coal, and ashes — could be weighed at anytime without inter- 
fering with the progress of the combustion. In this way it would 
be known how fast it was burning away. 1 should want to con- 
nect the lower end of the water gauge with the bottom of the 
boiler, so as to allow for the unknown density of the water and 
steam mixture, and thus obtain an indication of the actual amount 
of water in the boiler. 

Mr. Le Van, — Mr. President, I think the only remedy is to put 
a track under the boiler and run your grates in on wheels, and 
when the trial is finished run out the grates. There will be no 
guess-work in that. Probably that would not be a bad idea if 
properly arranged. 

Mr. Porter. — I remember a case in which the matter of time was 
very important, where an observer who was under my direction 
noted the time at which the water tank was filled, and an observer 
who was placed by other parties to check our examination merely 
put down a mark every time the tank was filled. We had one 
more tankful than he had, but the fact that the hour and minute 
of filling the tank had been noted against each one of our entries, 
and that those intervals of time were uniform all day long, was con- 
clusive, and he finally concluded that the tank must have been 
filled once while he was gone to dinner [laughter]. 

Mr. Leavitt. — Mr. President, Mr. Woodbury has made an allu- 
sion to the Ten Commandments. The same Board that made the 
test to which he has referred afterwards made a test in which I 
was interested. They probably had profited by experience, and 
one of my assistants who represented my side of the case told me 
that he could not o^et up out of his chair to go for any purpose out 
of the fire- room without having two or three assistants of the Com- 
mission after him to see whether he had any coal in his pocket 
[laughter]. 
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Kow, I think it is necessary on occasions like this to have it set 
down as a fact that the party who is interested in the boiler Bhould 
be assumed to be a person wlio will both steal coal and open tbe 
blow-off valve, and that whenever anv of the CoinmissionerB m 
absent the safety-valve may possibly be raised [laughter]. 

The only way to get at an accurate test is, as Mr. Porter has said, 
to start with a clean grate, to end with a clean grate, and to weigh 
the refuse. There ar^ certain errors which obtain from tlie fact 
that the boiler is cooled in removing the original lire, and is also 
cooled at the end ; but if the trial is of sufficient duration these 
amount to very little. In one case that came under my observa- 
tion, in a test of seventeen hours' duration, the evaporation from 
and at 212° was 12.32 pounds per pound of combustible, while the 
duty of the engine, whicli wjis tested at the same time (beings 
pumping engine), was one hundred and eleven and one-lialf mil- 
lions per hundred pounds of coal. One confirmed the other. 

The matter of estimating the fires, as I know from personal ob- 
servation, is very uncertain. I was caught on this same platted 
line at the time referred to. It should never be known long be- 
forehand when the trial is to close. I had a snspicion that tlie 
trial was to close at a certain time. My assistant, who was a pretty 
shai*]) fellow, had instructed the fireman to fire light. I came into the 
fire-room with two of the Commissioners who estimated the con- 
dition of the fires. The doors were opened, and the Commission- 
ers said that the fires were as good as they were at the commence- 
ment. There was about 150 pounds to 200 pounds of coal on the 
fire-room fioor, and I told the fireman to put that in the famace to 
make sure we should be on the right side. I thonght I was veiy 
generous, because it was going against myself. But the chairman 
of the Board, when he came to look at his platted line, pnt three or 
four hundred pounds more on top of that. Now, if we had made 
the test with a clean grate when we started and when we left ofE, 
there could not have been an error of 400 pounds. That is all oat 
of the question. The cooling of the walls at the beginning and 
end of the test, which would take place in fifteen or twenty minutes 
at the most, w^ould not begin to be that. It would not be fifty 
pounds. For this reason I am in favor of the absolute method, 

Mr. Le Van has objected to Mr. Kent's method of reckoning at 
and from 212°. I think if he will refiect a little he will condoda 
that is the best, because tests are liable to be made at different 
pressures and under different conditions. One engine may ,feed at 



RULES FOR CONDUCTING BOILEB TESTS. 279 

180°. Another engine may have a Green Econonaizer and feed at 
300° or 400°, but we want to get at a fixed standard, and if we take 
212°, we have a basis from which anybody who is famih'ar at all 
with boiler tests can make the computation, and know what he 
has got. 

Mr. Kent, — The first point I was going to reply to was Mr. 
Le Van's objection to 212 degrees being taken as a standard. I 
think that has been sufficiently answered by Mr. Leavitt. 

As to Mr. Pratt's communication concerning raising the safety- 
valve to 100 pounds, raising the steam to tliat pressure, and then 
lowering it to the working pressure, and starting and stopping the 
test in that manner, I think Mr. Le Van answered that very 
satisfactorily — that boiler inspection rules will have a great deal to 
say against it. The objection I would make to it, in addition, is 
that, so far as I know, no test has yet been made in that way, and 
we will have to know a little more about that method of starting 
and stopping by experience before it would be safe for engineers to 
establish it as the standard method. 

There seems to be a difference of opinion, as already shown here 
to-night, among engineers, as to how to start and stop a boiler test. 
Mr. Emery seems to prefer the flying start and stop. Mr. Porter 
and Mr. Leavitt believe in clean grates. My paper seems to have 
been misapprehended in the discussion in regard to the method 
which I prefer, which is not starting with level fires and stopping 
with level fires, and guessing at the quantity on the grate, for that 
is mentioned in my first method in the introduction, and I say also 
in this introduction that I believe that method should be rejected 
on account of too much guess-work. The method preferred by 
Mr. Porter and Mr. Leavitt is also objected to, on account of the 
losses by radiation and imperfect combustion during the beginning 
of the test, when you are firing with wood, and during the first 
hour or two of the test, when you have, perhaps, a ton of coal 
on the grate and do not know how much is being burnt, and 
how much combustible gas is passing up the chimney. The 
method which I prefer, and which is perhaps not clearly enough 
stated in the paper, is : Suppose the boiler is running straight 
ahead for a week. Periodically the fires are cleaned, say, every 
eight or ten hours with good anthracite egg coal, every four hours 
with poorer coal. At each period the fireman pushes back all the 
good coal on to the back part of the grate, and pulls out all the 
ashes and clinkers. At that time the coal he leaves in there is 
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a comparatively small quantity — not over one-half of the total 
amount in the grate. I have seen times when over a thousand 
pounds of ashes liave been withdrawn from the fire, and the man 
would leave in, probably, from 600 to 800 pounds of bright coals. 
That amount when spread can be guessed at pretty nearly. The 
test is run through one, two, three or four of these periods between 
cleanings, or as many more as you want — a week, if you say so — 
and the test is stopped at one of those periodical times for cleaning. 
When the fire has been burned down to about the usual condition 
before cleaning, then the man cleans the fire as before, and he 
pushes back about the same quantity of coal, and you can see when 
it is pulled forward how much there is. By guessing on a smaller 
quantity, your error in guessing is less. T prefer in an accurate 
test to have the test run twenty-four hours, so that whatever error 
there is in the test will be smaller in proportion. The error in 
such a test would probably be not more than 100 pounds, which in 
a test where there is from 10,000 to 20,000 pounds of coal used is 
but a mere fraction. 

I agree with all the speakers who spoke against starting and 
stopping with level fires, as guessed at ordinarily, because one man 
will look at a fire and say it is six inches, and another will say it 
is eight inches, or a foot, and twenty-four hours afterwards when 
they come to look at it they will not get within forty per cent, 
of a correct result, as regards the amount of combustible material 
in it, if it is not the same distance from a periodical cleaning time- 
Suppose a boiler to have 3,000 pounds of coal on the grate. Say 
half an hour after starting the fires, I suppose the value of combus- 
tible matter in that coal is at least eighty per cent, of tlie 3,000 
pounds. Suppose, several hours after that, when the fire was in 
the same condition, as far as I could see, it might not contain over 
forty or fifty per cent, of combustible. So that it would be 
quite possible, as Mr. Porter said, to run a test without any coal 
at all. 

Mr. Woodl:)ury's graphical method is one which I have tried my- 
self, and it is an exceedingly valuable method wherever the test is a 
long one. In a test that I made last week in which we started with 
clean grates, 3,000 pounds of coal were used in less than an hour. 
The total amount of coal used during twenty-four hours was only 
1(5,000 pounds. In such a test the platted diagram would prob- 
ably be of little service. In another case, where we started on a 
flying start with level fires, for a test of seventy-two hourSi we had 
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better results, and got some good information out of the diagram, 
because during that test we varied the condition of things, in regard 
to the draught, and in regard to thin fires and thick fires. We 
would run, say, for fifteen or twenty hours with thin fires, fre- 
quent firing and light draught, and again run with thick fires and 
heavy draught, and we could see on the diagram better than in 
any other way exactly what the results were as to economy and ca- 
pacity. And in that test, 1 may mention, we found that thin fires, 
frequent firing and light draughts gave the best results, both as to 
economy and capacity. Exactly the opposite conditions in every 
respect gave the next best results, and very^iear to these. And 
the very worst results were found somewhere between the two. 
You can get very good results out of a boiler in several different 
ways. It requires experiment with each boiler to get the best re- 
sults. I would advise the use of the graphical method in all 
long tests, and wherever practicable, because the graphical method 
will generally tell you more about the test than you will learn from 
mere inspection of the figures. 

In regard to the differences of opinion which have been shown 
here to night, I think if the subject had been discussed more fully, 
and if it had l)een written upon by the engineers, without refer- 
ence to this set of rules, we would find still greater difference of 
opinion, in regard, first, to general principles, and secondly, and 
far more largely, as to detail. It all shows that the engineers 
need to-day some set of rules for testing boilei^s, and I have not 
brought in this particular set of rules with the idea that they are 
perfect and that none others should be adopted, but I want sonie 
standard set of rules, so that when engineers make a test they can 
say it is according to an approved standard. I think it would be in 
order to move the appointment of a committee of the Society to 
report on a standard set of boiler testing rules, which could be re- 
ported to the Society at the next meeting, whenever that is to be 
held. I do not suppose the Society will take any action in the 
matter further than to receive the report of the committee, but I 
think it would be a valuable thing to have such a report signed 
by a committee known to be composed of engineers of high standing. 
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CXLVIII. 

ESTIMATES FOR STEAM USERS. 

BY CUA8. E. EXERV, PH. D., NEW TORK. 

§ 1. A PORTION of the plant of the New York Steam Co. has 
been in operation for two years, but as many features are still in 
course of development, it would as yet cause some annoyance and 
embarrasstnent to publish the details of the engineering work. 
Bearing in mind, however, the duties of each member to con- 
tribute at least an occasional i)aper to the society, I present 
herewith in an appendix the substance of the rules on which most 
of the estimates of the company have been based, and propose to 
explain the manner in which they were developed and make some 
suggestions as to their adaptation for general use. 

g 2. The first problem was to fix a unit by which steam could 
be sold. A horse-power is definite, when considered simply as 
expressing the rate in which mechanical work is performed, but a 
horse-power of steam varies with the size and kind of engine used, 
and must be referred to an arbitrary standard. We adopted the 
customary standard of thirty pounds of feed water per horee-power 
per hour. Most of the engines suj)plied were small or without ex- 
j)ansion gear and required more than thirty pounds, and had to be 
charged for more, and for miscellaneous uses, such as heating bnild- 
ings, i)oiling soap, melting wax, ripening fruit, etc., the cost had to 
be final Iv estimated from the feed water or water of condensation, 
and as every use could be referred to this unit, its adoption seemed 
necessary. Confusion would, however, arise in the minds of con- 
sumers between ])ound8 of water evaporated into steam and pounds 
of steam pressure, so a new unit seemed necessary wlr.ch would be 
as distinctive as a ton of coal or a thousand feet of gas. 

§ 3. AVe commenced selling steam in February, 1883, at a 
specified ])rice /><?;• thouscuid KalSy explaining that a Kal wag 
equivalent to a pound of water evaporated into steam, and thereby 
solved the problem for our special purposes. The term is em- 
ployed regularly b}' our re])resentatives and our consumers. Many 
of the latter understand it, and all use it. For instance, a dignified 
bank president has had a clause inserted in his conti-act that the 
price per thousand Kals to his corporation shall be as low as to our 
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most favored consumer, and, without knowing anything technical 
about it, explains to his associates tliat that is the way steam is sold. 

§ 4. The writer believes that such a term would be useful gen- 
erally as well as specially, and would feel personally complimented 
if engineers and representatives of the different journals would use 
it in an alternative way to test its convenience and necessity. The 
word *'Kal" is, of course, based on caloric, a relic of the material 
theory of heat, and like " calorimeter," from the same source, is 
designed to represent a measure of heat ; each pound of water at a 
certain pressure taking up a definite quantity of heat. The short 
word lud, spelled as it is with a X:, need not be confounded with 
the French calorie, or thermal unit. • 

<^ 5. The pressure at which the pound of water is evaporated is 
not of great ])ractical importance. The number of thermal units 
derived from the fuel with a temperature of feed of 100° is less 
than three per cent, greater when evaporated at seventy pounds 
])ressure than when evaporation takes place at atmosi)heric pres- 
sure, and the variation for the customary range of working pressures 
is, of course, much less. For ordinary purposes, therefore, the 
teini can be used, the same as the expression ''pounds of water 
evai)orated " is now, without reference to pressure. It is, however, 
desirable that the value of a Kal be definitely fixed in standard 
thermal units. 

<i 6. The i)erformance8 of boilers are now universally compared 
by tlu' number of pounds of water evaporated from and at 212^ 
It may Ik» considered as accepted then that the ** unit of evapora- 
tion" is th('evaporati(»n of a pOund of water from and at 212^, 
of which the thermal value is l)t)5.7 thermal units. It would be 
desirable for simplicity to make the Kal eipud to this, but there are 
serious i>ractical objections to it. The Kal is to take the place 
of the unit in the expression "pounds of feed water'' or of "water 
of condi'nsation '' required per hour for engines and other purposes. 
It> vahit' should, therefore, be founded on the evaporation from a 
fair average steam ])re88ure and from a fair average temperature of 
fci'd. in the report on a series of boiler tests at the Centennial 
Exhibition made by a committee of the Judges of Group XX, con- 
sisting (»f Mv. ( Charles T. Porter, meml)er of the Society, Mr. J. 
l>elknap, and the writer, who was the chairnum, there was pre- 
sented what was termed the "Commercial Evaporation,'' — viz., 
the eva))oration at ]>ressure of seventy pounds from temperature of 
loo ', and the ** Commercial Horse Power," based on thirty pounds 
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of feed water per horse-power per honr, evaporated on same basis. 
The seventy pounds pressure had been accepted before, but the 
evaporation was generally assumed from 212°. In the report it 
was stated that 100° tempeniture of feed could always be obtained, 
even with condensing engines, and that frequently the tempera- 
ture was little greater with n on -con den sing engines. Most en- 
gineers will agree that as a standard thirty pounds of feed water 
evaporated under actual working conditions per horse-power is small 
enough, though entirely fair when good and bad engines are con- 
sidered together, and tliat although good heaters may raise the tem- 
perature of feed to 180° and occasionally higher, a temperature of 
100° is nearer the average than 212°. The heat obtained in excess 
of 100^ may properly be credited to surplus boiler power, which is 
so often deficient. 

§ 7. The proposed standard of horse-power has already been ac- 
cepted by several experts in suits as to power of boilers, and is 
known as the Centennial Standard of Iloi'se Power, or the Centen- 
nial Horse Power. It is therefore proposed to make the value of 
a Kal the same as the unit of Commercial Evaporation above named. 

§ 8. We have then based on the thermal or heat nnit — 

1. The accepted "unit of evaporation" {E) with a thermal 
value of 9G5.7 thermal units.* 

2. The Kal {K)^ equal to one pound of water evaporated into 
saturated steam at seventy pounds pressure from temperature of 
100°, with a thermal value of 1110.2 thermal units. 

IK = .86984 E\ E= 1.1496 A".] 

3. The Centennial Horse Power {C.H,P,\ which equals simply 
thirty Kals per hour. 

§ 9. ]i\ a pleasing coincidence the volume of one Kal is almost 
precisely five cubic feet, hence the weight of a cubic foot, or the 
"heaviness" {D)y as it is expressed in Coxe-Wiesbach, is two- 
tenths pound. 

§ 10. We are now piepared to examine the rules for making es- 
timates previously referred to, and the reader will firet please ex- 
amine §>5 32 and 33 in the Appendix. 

§ 11. It will be observed that the charges for heating are based 

* The number of heat units here given would be varied slightly by oonsaltiLng 
different formulae and tables. The figures given are those adopted by the U. S. 
Navy as publislied by Isherwood and Nystrom, and agree with those in Mr. 
Charles T. Porter's work on the Richards Indicator. 
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on the ordinary steam litter's method, using the capacity of the 
buildings, instead of the area and thickness of walls, area of win- 
dows and roof, extent of ventilation, etc. These rules are founded 
upon investigations of the cost of heating a large number of busi- 
ness buildings in the City of New York under actual practical con- 
ditions. The variation in cost between different buildings of simi- 
lar construction and exposure was found to be very great, due 
doubtless to differences in apparatus and management, and made 
useless any elaborate system based on calculating the number of 
thermal units passing through window glass or walls of different 
kinds and thicknesses. These rules, when applied of course with 
good judgment, simply give prices for which business buildings of 
the kind described should be heated satisfactorily during the ordi- 
nary business hours of an average heating season, say ten hours per 
day for 200 days in the year. With care the work can be done 
moi-e cheaply, but when the steam is used from a district system 
where pressure is maintained continuously, janitors and porters 
will use the same prodigally by leaving it on day and night, or by 
neglecting to shut off radiators so as properly to graduate the heat 
to the demand, thereby increasing the cost in some cases very ma- 
terially. 

^ 12. The reader will now please examine casually § 40 to § 48 
Appendix, and afterward more carefully in connection with the 
following : 

{$ 13. The formulated rules for the power and the cost of the power 
(§43) are very simple and readily applied. The first step is to ob- 
tain the continued product of the square of the diameter of cylinder 
in inches (ff), the stroke of piston in inches (^), and the revolutions 
l)er minute (/•). This product is a factor in the equations for the 
power as well as for the cost of the power. In equation (4) §43 
the power P equals the product referred to, multiplied by a con- 
stant coefficient (.000004), and by the mean pressure (m). The co- 
efficient is, of course, made up of the product of -r (required with 

(P to give the area), and j\ (required with 8 to show double stroke 
in inches reduced to feet) divided by 33,000. A more exact result 
of the operation would give a coefficient of ,000003966, but the 
simple value .000004 used is correct within less than one per cent., 
and was therefore satisfactory for the purposes in view. 

5$ 14. Ec^. (5) is derived directly from (4). 

^ 15. The cost of the power is estimated in all cases from the 
19 
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number of cubic feet capacity developed by the piston. It is at 
first assumed that the cylinder is at every stroke filled completely 
with steam of the initial pressure, but a multiplier is provided in the 
formula which is varied according to the known conditions to ap- 
proximately give the corrected result. There are required to be 
known by this process: 1, the volume developed per unit of time ; 
2, the weight per cubic foot of the steam ; and 3, the factor of cor- 
rection above referred to. In formula (6) § 43, the expression for 
the number of Kals. per minute (k) is made up of the product 
{cT s r) referred to in connection with the power, and the coefficient 
is simply the joint product of factors to reduce the expression inde- 
pendent of factors a and n to cubic feet per minute, and of 
anotlier factor, viz. .0023, belonging with the factors a and n yet to 
be explained. 

§ 16. Complete formulae representing the weight of a cubic foot 
of steam [viz., the heaviness (Z>)] at all practicable pressures are 
usually quite complex. The writer finds that the results shown by 
Rankine's elaborate formulpe are represented equally well between 
the limits of 1 and 1,000 lbs. pressure by the simple expression, 

(1) B = .0030343 ;?i-", 
hence 

(2) log. B = 3 .4820505 + .94 log. p,, 

px being the absolute pressure obtained by adding 14.7 lbs. to the 
pressure by gauge. It was found, however, that the following still 
simpler equation of a straight line was sufticiently accurate for prac- 
tical purposes within customary limits, say from atmospheric to 80 
lbs. gauge pressure, viz., 

(3) If = .0023 0> + 17), 

p being the gauge pressure. The p -\- 17 should not be con- 
founded with^> 4- 14.7 orp 4- 15 representing the absolute pres- 
sure. It is to he remembered simply that for absolute pressures 
varying as p + 15 nearly, the density and "heaviness" vary 
within ordinary limits as^ + 17 nearly. 

§17. By the method adopted the initial pressure is assumed to be 
the mean pressure plus the avei*age back pressure, so it will be seen 
that the values of n in §42 of Appendix simply provide for vary- 
ing the initial pressure with the back pressure by adding the value 
of the latter above the atmosphere to /n + 17. In formula (6) in 
appendix, the value of ti corresponds top + 17 in formula (3) abovei 
and the coeflicient of latter being already introduced in coefficient 
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of (6), the heaviness {D) due to the initial pressure of steam is in- 
troduced, and the formula, independent of a, simply multiplies the 
number of cubic feet of steam per minute by the weight of a cubic 
foot at initial pressure. 

§ 18. The factor a simply corrects the expression according to 
table, § 41, to approximate actual conditions, more particularly as to 
expansion, internal cylinder condensation and probable leaks. If 
the engine be operated without expansion, and neither of the losses 
mentioned be considered, the value of a should be unity. In some 
elevator engines there is no expansion whatever, but the losses are 
considered at 20 to 30 per cent., making a equal 1.2 to 1.3 as shown 
in table. The expansion obtained with a plain slide valve reduces 
the cost materially, so the value of a is fixed at 0.85 for large 
engines and 1.1 for very small ones in which various losses over- 
balance the gain due to expansion. For cut-oflF engines the value 
oi a varies from 0.6 for large engines to 0.9 for the small ones. 

§ 19. It is so natural to suppose that there should be some con- 
sideration of the expansion curve in an equation proposing to deal 
with the economy of an expansion engine that this method of using 
a simple coefficient of correction will at first sight seem strange to 
all. If many here present were jointly developing an equation, 
there is every probability that a discussion would soon be in progress 
whether the hyperbolic or the adiabatic curve of expansion should 
be considered. The formulae under discussion stand on higher 
grounds. Though approximate only, they include the more important 
conditions. Independent of large engines, and exceptionally good 
small ones, all that the wisest of us know about cost of steam power 
is that the average costs for average engines of certain kinds, under 
average conditions are certain figures, the values of which would 
not be changed greatly by individual opinions. Here, then, is a 
basis superior to all minor details as a means of arriving at the re- 
sult. For the purposes of this case the values of a are varied to 
produce the corresponding values of Aj^,, orkals. per horsepower per 
hour in last column of table § 41, and if there be differences of 
opinion as to the proper valves of TCp the values oi a can be varied 
to suit. To a mathematician it is plain that if we know the re- 
sult to be obtained, a, factor in an equation which is constant for 
particular conditions can be changed to suit other conditions. Un- 
fortunately it is often thought that the value of many formulse lies 
in the constants. The natural inquiry comes. Why not use the re- 
sults direct without any formula ? 
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§ 20. In this case there are good reasons. With non condensing 
engines the most important variations in the cost of the power are 
caused by simple variations in tlie ratio of the back pressures to 
the effective or, better, the total pressures. If this fact be considered, 
other variations in result from engines of the same general size 
and design, using steam of the same quality, will be almost en- 
tirely due to differences of mechanical condition. The relative ef- 
fective pressure is provided for perfectly in the formula. The basis 
in all cases is the cost of the power absolutely without expansion — 
the initial pressure being assumed equal to the mean and back 
pressures. Expansion simply furnishes an indicator diagram of the 
same area, with one portion made higher in order that the other 
can be lower and reduce the cost, though not proportionally to the 
lowering of the pressure. 

§ 21. The multipliers a in table § 41 of Appendix are calcu- 
lated for the values of k, in same table with the mean pressure m 
equal to about 80 pounds for the cut-off engines, and about 40 
pounds for the others. The comparative results given by formula 
for a fair-sized engine which would be customarily rated at 30 to 40 
H.P. considered first as a slide- v^alve engine, and second as as a cut- 
off engine, for different mean pressures and constant back pressure, 
above atmosphere of 2 pounds (?i=m+19) are shown in the follow- 
ing table : 



Mean Prbssurb (m) and Indicated Hobae 
Power (P). 



Slide valve engine a = . 85 

Kals. per horse power per hour k,, 
Kals. per hour kx 

Cut-off engines a = .60 : 

Kals. per horse power per hour kp 
Kals. per hour ki 



5 


20 


40 


128.52 
642.6 


52.21 
1044.2 


89.49 
1579.6 


90.72 
453.6 


86.5 
730.0 


27.87 
1114.8 



80 



88.18 
2950.4 



28.4 
1872.0 



§ 22. The table shows very forcibly the influence of the back 
pressure ; the cost of the power rising rapidly as the mean pressure is 
decreased and reducing materially for high mean pressure, without 
any consideration of expansion whatever except that the percent- 
age of saving between the slide valve and expansion engines is as- 
sumed to be the same for the same power and development. This 
may not be true precise^, but is approximately true within ordinary 
limits. An exception was thought necessary for engines running very 
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light, for the rules provide — see § 49 Appendix — that minimum 
charges shall be based on a = 1, etc., which practically charges the 
cut-off engines with slide valve minimum rates as is evidently nearly 
correct. For case given in § 21 above, the minimum charge by this 
modification would be 661.5 kals per hour, the indicated power being 
that due to the friction pressure and the useful power zero. It is in 
general approximately correct to state that a high-pressure engine 
cannot be run for less than half the steam required to drive it when 
developing its rated power. 

§ 23. It will be seen that a slide-valve engine run with high 
mean pressure can readily give better results than a cut-off engine 
with low mean pressure. Very simple reasons may explain wide 
differences in result obtained under different conditions. 

§ 24. It is well known that large cut-off engines of approved 
make in some cases operate more economically than shown in table, 
but the formulse were intended to give results approximately cor- 
rect, though on the safe side for small engines of average construc- 
tion, and have in practice been found to answer the purpose very 
satisfactorily. 

§ 25. Formula (7), § 43, derived from (6), gives the number of 
kals. required per thousand revolutions of an engine. When the 
work is substantially uniform, the simplest way to account with a 
consumer is to apply a counter and charge by the thousand revolu- 
tions, basing the price on a mean pressure sufficient to perform the 
maximum work. 

§ 26. Formula (8), § 43, is a modification of the others to give 
directly, if desired, the kals per horse power per hour. Note that 
the factors d"^ sr disappear from this formula, as they should, as 
they occur in both divisor and dividend in making the combina- 
tions. 

§ 27. The remainder of the rules will, I think, be understood 
without detailed explanation, except, perhaps, equation (12), § 55, 
Appendix, showing the number of kals per trip of ordinary steam 
elevator engines. This formula gives what are called high costs, 
but it has proved insufficient for this class of engines when con- 
structed with piston valves, many of which seem to offer very slight 
resistance to the passage of the steam from the boiler to the ex- 
haust pipe. For slide-valve elevator engines the formula gives 
approximately accurate results. These engines are generally made 
absolutely without expansion, with small ports, and are run at high 
speeds. The small ports generally require cylinders altogether too 
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large for the work, so that the mean pressures are low and the costs 
correspondingly high. 

§ 28. An examination of the notation § 54 will show that the 
revolutions r^ apply to a trip in one direction. The return trip is 
provided for in the quantity viu -f 46, in equation (12), § 65, which 
is made up of ^^n + 21, corresponding to t?,, § 42, plus 4 +21, four 
pounds in excess of back pressure being considered necessary to 
lower the elevator. If mu = 10 pounds, as it frequently does, the 
cost in ascending is proportioned to 10 + 21 = 31, and in descend- 
ing to 4 -f 21 = 25, which do not differ at all proportionally to the 
useful power exerted. In fact, it is difficult to tell whether such an 
elevator is ascending or descending by watching the exhaust pipe. 
§ 29. The following calculations apply to a specimen elevator, 
with double 8 x 10 cylinders, in regular use in New York : 
W = say 1200 pounds. T = 200 

L = 75 feet. J= 2.5 

7\ = 100 revs. 

Then 

(11) mn =■ 13.125 

(12) l\ = 19.1 
(13)A-5 =3820. 

A trip is usually made in -j^ minutes, so in §41, r = 171.4. 
(4) P = 11.5 ascending. 
3.5 descending. 



7.5 average. 
k, being 19.1, k = V, ^'t = 32.7, h = 98.1, k^ = 130.6. 

§ 30. Appendix to Paper or Cuas. E. Emkry, Ph.D., eutitled 

'' Estimates for Steam Users." 

ENGINEER'S DEPARTMENT 

The New York Steam Company. 

Rules to be observed in making estimates by the Division of 
Steam Supply. 

§ 31. Oflfers, estimates and eontmcts may be made for a stated 
price, but must in every case contain a reservation of the right to 
apply meters, as given in Regulations. Regular meter rate to be 
60 cents per M. Kal. In contracts for considerable amounts 50 
cents per M. Kal will answer when tlie consumption can be accu- 
ratelv ascertained. 
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HEATING. 

§ 32. Estimates for heating will be based on the capacity of the 
rooms heated, and the following rates, varied by judgment, accord- 
ing to exposure, temperature and use of the rooms and the amount 
of ventilation. 

§ 33. Minimum rate, |2.50 per thousand cubic feet per season 
for deep buildings with minimum exposure, or fairly well-lighted 
rooms used as workshops for manual labor, when the heating sur- 
face is limited or so divided that it can be regulated to use small 
portions at once. Office buildings, well lighted, generally require 
$3 per M. cubic feet ; buildings with large windows about |4 per 
M. cubic feet, and those with unusual exposure and good ventila- 
tion $4.50 to $5 per M. cubic feet. 

Cost of heating estimated from heating surface : 

§ 34. Steam ( 20 Ibs. .6 i Kals per sq. foot 

D earn )^aik- ty\ of heatlnirsur- 



Pressure. 1 10}^- 



.6) Kals per sq. foot 
.7>> of heatinjrsur- 
.8) face per nour. 



§ 35. For steam tables, etc., augment actual surface of table and 
uncovered pipes reasonably to allow for food, cover, moisture car- 
ried off, etc. 

§ 36. Charge for uncovered pipes in basements full time, day 
and night. 

§ 37. Ordinary heating season, 200 days of ten hours. Allow 
about five days per season steam on one-fifth surface all night. 

§ 38. With ordinary heating apparatus it is supposed the radiators 
will, on the average, be shut off at least half the time allowed for 
heating. 

§ 39. For dry rooms special calculations are necessary, founded 
on the conditions of the particular case. The steam required will 
vary principally with the quantity of air circulated and the weight 
of moisture carried off. A steam meter or some arrangement to 
measure the water of condensation to be applied in every case of 
this kind. 

POWER. 

§ 40. All power will be estimated for in units to jsuit the cus- 
tomer, but the estimates are to be based on calculations for the 
costs in Kals, which are to be spread on the reports of surveys for 
the information of the engineer. 
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§ 41. The following notation and formulse will be used as 
required : 

Let h = Kals per minute. 

l\ = " " hour = 60 h. 

h = " " (lay. 

A'^= '' " 1,000 revolutions. 

kp = " " Indicated Horse Power per hour. 

P = Indicated horse power. 

d = diameter of cylinder in inches. 

8 = stroke of piston in inches. 

r = revolutions or double strokes per minute. 

p = pressure above atmosphere. 

ni = mean pressure in cylinder. 

a = a multiplier varied under conditions given in table to 
allow for expansion and provide for cylinder con- 
densation, clearance and other losses. 



$41. 



Cut-off engines 



Slide valve engines. 



Elevator engines, new, good order. 
" " small and old 



Compound pumps. 



Ordinary steam pumps 



HP. 





DIAM. 8TEAM CTL. 



i 



20" and up. 
16" 

5" 



r20" 

15" 

12" 

8" 

5" 



a. 



.6 

.7 
.8 
.9 



.85 
1.00 
1.10 



1.1 

1.2 



.75 

.85 

1.00 



1.0 
1.1 
1.2 
1.8 
1.4 



Jt„ 



80 
85 
40 
45 



40 
45 
5ti 



55 
60 



85 
40 
46 



50 
55 
60 
65 

70 



n = multiplier varied from m + 17 up under conditions 
given in table, to allow for probable back pressure. 
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• 

§ 42. 71^=2 m + 21 for quick elevator engines. 

7?8 = m H- 20 for small fast engines and small pumps. 

7?4 = m H- 19 for engines with free exhaust. 

7?5 = m + 17 or j9 4- 17 = minimum ; useful only in calcu- 
lations where back pressure is not considered. 
(To distinguish p + 17 from jt? + 14.7 see § 16.) 
§ 43. (4) P = .000 004 {(Psr) m. 

(5) m =250 000:3^. 

(6) k = .000 0021 {€Psr)a n. 

(7) km= .0021 {(P 8) a n. 

an 



(8) k^ = 31.5 



7U 



APPLICATION OF THE FORMULA. 

1st Case. — When the mean pressure (m) is hru/imi. 

§ 44. Ascertain the power from (4) and its cost from (6), (7) or 
(8) as required. 

§45. {A,) The mean pressure can be accurately ascertained 
with the indicator, and this is the only method when engine is fitted 
with a fixed cut-off. 

§ 46. {B,) When the engine operates intermittently the esti- 
mate may be made on an assumed mean pressure of say 40 pounds 
and a price given per thousand revolutions based on results from 
(7) with in = 40, the contract stipulating that the power is not to 
exceed that given by (4) with m = 40. 

§ 47. (G,) The mean pressure may be derived from the pressure 
in steam chest. For accuracy, the ratio of the mean pressure to 
pressure in chest sliould be ascertained by the indicator for each 
particular engine, and this ratio used as a factor of a. For practi- 
cal purposes, with slow engines — like pumps — using steam full 
stroke, or nearly so, with cylinder ports of ordinary size, m is to 
be taken equal to pressure in chest, using value of a, as per table, 
and 7^5 . Foi quick engines, deduct one-tenth from tabulated value 
of a, and use n^ with m = pressure in steam chest, which will ap- 
ply to slide-valve engines at all times; to automatic cut-off engines, 
when regulated by throttle with governor belt thrown off, but not 
to engines with fixed cut-offs. The last rule is on the basis that 
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the loss of pressure entering cylinder is balanced by using a lower 
value of a. 

2d Case. — When the power is given which is to be devel- 
oped IN AN engine of A GIVEN SIZE. 

§ 48. (A.) Find m from (5) and cost from (6), (7), or (8) as re- 
quired. 

§ 49. ^ote. All contracts for H. P. actually developed will 
name the minimum charge for operating the engine. This will 
be stated on surveys and ascertained from (6), (7) or (8) as required 
by making a = 1 and ?/i = in value of n used in the other calcu- 
lations, and adding also 1 to 8 pounds for friction pressure. 



HYDRAULIC ELEVATORS. 

§ 50. If i? = dia. of hydraulic cylinder in inches, 

d = as before dia. of steam cylinder in inches, 
di = dia. of pump cylinder in inches, 
/S = stroke of hydraulic piston in feet, 
8i = stroke of pump in inches, 
T = number of trips of elevator per day, 
I = height in feet between water tanks, 
Tj, = number of double strokes of pump per day, 
y = multiplier = 1.25 for large pumps, say steam pis- 
ton 20" dia., increased to 2.0 as steam piston 
decreases to 10" dia. 

§ 51. Then : (9) rn = 434^/ I 

from which k^ may be obtained from (6) by substituting k^ for k 
and r^) for r. 

§ 52. ^ote. In this calculation only one pump is considered. If 
the pump be duplex the actual strokes will be half those calculated 
by formula but the steanv used will be the same. [N. B. Id cal- 
culating power or cost for duplex pump the reading of a counter 
on one pump should be doubled.] 

§ 53. For compound pumps refer m only to the lai^ge cylinder. 
The size of the small one does not enter the calculation. 
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6TKAH ELEVATORS. 

g 54. Let W = unbalanced weight of ear and load. 
Z = lift. 

7^11= mean pressure in each cylinder of double engines, 
/•j = number of revolutions of engines required to run 
car from bottom to top of shaft, or vice veraa^ 
(to be counted by Solicitor). 
A*! = Kals per trip. 
T= number of trips per day. 

{1.75 for geared elevator engines. 
2.50 for screw elevatoi^s and old geared elevator 
engines with piston valves. 

§ 55. Then for double engines — 

,,,. 3.82 J TTZ 

(11) mn = — T|-— — 

or 8 r^ 

Multiply by 2 for single engine. 

(12) k^ = .000 00504 {(P sr^) {mn + 46.) 

Divide by 2 for single engine. 

(13) hz= TK 

STEAM PUMPS. 

§ 56. For ordinary steam pumps raising water in a building, m, 
may he found from (9), and the pump considered as run a certain 
number of strokes per minute for a certain number of hours per 
day, as reported by engineer and confirmed by the practice in other 
buildings. If a certain sized circular tank is filled a certain number 
of times per day, (10) applies by making I) = diameter of tank, S 
its depth, and T the number of times it is filled per day, and then 
proceeding as described in connection with (10). 

HEATING WATER. 

^ 57. For water heated from 60° to boiling point. 
Kals. = No. gallons x 1^ = No. pounds x J^ nearly. 

STEAM JETS. 

§ 58. Charge for open steam jets discharging against atmospheric 
pressure. 

do = diameter of jet. 
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15 lbs. steam pressure kals. per hour, ki = 1216 d^ 
45 " « '' ;ti = 1804do* 

60 ^* " '' k, = 1978 do' 

Calculate for pressure of 60 pounds except when jet works oflE a 

heating system at lower pressure, or when the full opening of valve 

would drive employees from the room. 

DISCUSSION. 

Mr. Kent. — I do not believe our code of rules describes any pun- 
ishment for a member that does a wrong action. Mr. Emery has 
done a very bad thing, and he deserves our condemnation for it. 
He has invented a new unit — a "Kal." The punishment I think 
he will get, however, will be that the next time Mr. Nystrom writes 
a book and puts in that list of engineering terms which ought not 
to be used, he will put in the word " Kal." It seems this term is 
to be defined as a pound of water evaporated into steam. We 
have had enough trouble about the units of weight and measure- 
ment, and here we introduce a new word to take the place of 
pounds. A man says, ** For how much will you sell me a boiler 
that will give seventy pounds of steam ? " That is his way of 
rating the power of a boiler — and to get over the diflSculty that 
such customers have of mixing up pounds pressure and pounds 
weight or quantity, it is proposed to introduce this term " Kal." If 
you want to sell steam, and do not want to sell it by the pound, why 
not sell it by the thousand feet or by the gallon or cubic foot of 
water evaporated, or by some other known unit, instead of coining 
a new term ? 

Mr. Emery says I am mistaken about this Centennial standard. 
No doubt I am, since he says so, for I have not looked at the 
Judges' Keport for a couple of years; but my impression was that it 
was from 212 degrees feed water into seventy pounds pressure, and 
I have the impression that I got that figure from some of Mr. 
Emery's own writings, if I did not get it from the Judges' Report. 
At the bottom of the second page of his paper Mr. Emery says the 
seventy pounds pressure had been accepted before the Judges made 
this Report, but the evaporation was generally assumed from 212. 

Mr. Emery says in regard to the objection to the use of this term 
" Kal " to mean a pound of water evaporated from and at 212, that 
it should be founded on the evaporation from a fair average ateam 
pressure, and from a fair average temperature of feed. He used 
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the same argument concerning the amount of water that sliould be 
evaporated for a horse-power — that it should be from 100 degrees, 
and not from 212, because 100 degrees was more nearly a fair aver- 
age. The only fair way of detennining the horse-power in steam 
boilers, as in everything else, is to get some definite standard of 
measurement. He says here, " The unit of evaporation is now ac- 
cepted to be the evaporation of a pound of water from and at 212 
degrees." That is generally accepted by engineers as a fair unit, 
and it is all right ; but it is not an average. If it was necessary to 
get an average, we would make some other unit of evaporation, such 
as the evaj^oration of a pound of water from 100 degrees tempera- 
ture, at 70 pounds pressure. There is no more reason for calculat- 
ing the economy in a boiler test from and at 212 than there is for 
the use of 30 pounds of feed water from and at 212° to indicate a 
horse-power. We ought to refer to one standard, and not have 
three or four. If 30 pounds is too little, make it 40 or 35. I think 
that 30 pounds of water from and at 212° per horse-power is a fair 
standard, when we consider that some engines use 18 or 19 pounds, 
while others use a hundred, and that in non-condensing engines 
from 25 to 30 pounds of water from 212° is reached, and I do not 
see why 30 pounds is not large enough as a standard. But I pro- 
test against the use of too many units. I believe we should start 
with the British thermal unit as a basis. That is a standard defi- 
nitely known and understood. The unit of evaporation should be 
just what Mr. Emery puts it here — 965.7 thermal units. It is 
the evaporation of one pound of water from and at 212 degrees. A 
horse-power should be a definite number of units of evaporation — 
say 30. If 30 is too small a number, let the committee of this 
Society on Rules for Boiler Tests fix it at 35 or 40. Let it be 965.7 
thermal units to a unit of evaporation, and 30, 85 or 40 units of 
evaporation to a horse-power, and wipe out the term "Kal" and 
all other new units for measuring steam. [Applause.] 

Mr. Leavitt — Mr. President, I think the simplest proposition is 
to come down to thermal units. 1 once had a great deal of trouble 
with a report where I attempted to adopt an arbitrary standard. It 
seemed to be a very just and fair one, as I assumed a standard 
pound to represent the water, which contained 966 units of heat, 
but the interested parties told me that there wasnot any such thing, 
that it was not ponderable, and I of course saw the force of that, 
and have always since adopted the thermal unit. It is just as easy 
to say you sell a man a hundred thousand thermal units as it is to 
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say you sell him a hundred *'Kal8," and personally I shonld prefer 
the expression " Tliermal Units." 

Mr. Chas. E. Emery. — ^Any unit proposed must be based on the 
''heat unit." It would of course be correct to sell steam direct by 
that unit, but it is so small a subdivision that many places of fig- 
ures would be required, and, being a scientific term, few would 
understand it. 

Mr. Kent. — I do not wish to be understood as objecting to the 
term "unit of evaporation." I said distinctly, let us have a table 
based upon the thermal unit as a standard. The thermal unit is the 
basis to which we all must come. Then, as a convenient larger 
unit, based on the thermal unit, have the " unit of evaporation" 
equal 965.7 thermal units ; then the next larger unit is the horse- 
power, that shall be some definite number of units of evaporation, 
say 30, and not a certain definite number of something else. Mr. 
Leavitt, Mr. Emery and I will all agree in this thing. It is simply 
a question of what we shall make the horse-power — how many 
units of evaporation. 

Mr. Emery struck the key-note in this business in saying that 
the " Kal " was invented so that people would not understand it. 
It is a very convenient term, so that they will not know how many 
tons of coal make a '' Kal " when coal is five dollars a ton. [Laugh- 
ter.] 

Mr. Chas. E. Ernei^j. — Tnie, and in selling steam to some people 
it is desirable to have something they do not understand. [Laugh- 
ter.] The true sentiment was expressed by the Vice-President of 
the Mutual Life Insurance Co., who said, '' I don't know what a 
* kal ' is, but I suppose there are others who do know." [Laugh- 
ter.] In short, a distinctive term is necessary, the meaning of 
which can be definitely ascertained. 

Mr. Cole. — Mr. President, speaking of this term "Kal," while we 
may as engineers weigh and consider, and even decline to accept it, 
I would say that, after some experience years ago with the class of 
persons that Mr. Emery is dealing with as consumers, it probably 
saves a good deal of engineer's and office time to have something 
these parties cannot argue against. You say thermal units, and 
they will talk with some friend, and come back the next day and 
say that you have made a mistake ; that that thing is not right ; that 
it ought to be a different price, and they do not like it. But when 
they take the word " Kal" home, tliat is something that they look 
in vain through the encyclopaedia and the dictionary for, and they 
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explain it as the President of the Insurance Co. did to his friend, 
by saying that that is the way steam is sold. A similar term was 
invented years ago — " Tanite." The party tliat invented it said it 
was designed so that people wonid not know what it meant. But 
here the customer will certainly criticise, and think he knows more 
about the price of steam than the engineer of any company, unless 
you use some term which he does not know how to shoot at. 
[Laughter.] 

Mr. Le Van, — Suppose the customer is an engineer ? 

Mr, Cole, — Then he can take the data which Mr. Emery fur- 
nishes. 

Mr. Chas. E, Emery. — I will reply briefly to the various criti- 
cisms. The term " Kal " has been in use in New York City for 
over a year and one-half. It is thoroughly understood there, and 
probably no change will be made. It is to be expected that the 
introduction of a new term will meet with opposition, but it is not 
proposed here in a dictatorial way. All I ask is that it be used 
alternatively or referred to from time to time, no matter how 
lightly, when in the long run it will gradually be adopted or tall 
into disuse, and thus its convenience and value will be tested by 
actual practice. 

I should like to see the Society settle the question as to what 
should be considered as a horse-power in terms of the steam re- 
quired. If 30 pounds of feed water are to be used as a horse- 
power, then 30 pounds should actually produce a horse-power in av- 
erage practice, and it will so far as the engine is concerned. The 
only difiiculty is that the boiler in order to be of the same power 
must evaporate 30 pounds of feed water under actual conditions. 
For a lower temperature of feed more heat units are required from 
the fuel, and the boiler must do more work. A horse-power of 30 
pounds of feed water evaporated at 70 pounds pressure from a tem- 
perature of 100 degrees is equivalent to 33.4 pounds of feed water 
evaporated from 70 pounds and 212 degrees, or 34.5 pounds from 
atmospheric and 212 degrees. The evaporation of a boiler may be 
expressed in units of evaporation, viz.: In multiples of 965.7 heat 
units [representing the heat absorbed from the fuel by the evapo- 
ration of a pound of water at atmospheric pressure and temperature 
of 212 degrees], but as engines do not work at atmospheric pres- 
sure and the temperature of feed water is rarely 212 degrees, we 
must select another unit for the power of the engines to approxi- 
mate actual conditions. In the paper 1110.2 heat units are sug- 
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gested, as this number represents the heat required from fuel for 
a pound of water evaporated at 70 pounds pressure from a tempera- 
ture of 100 degrees. This is the unit which was termed in the 
Centennial Report the " unit of comraereial evaporation,'* and now 
proposed to be called a '^ Kal." In this connection it ia important 
to consider the unit to be used, not the name. If the evaporation 
be considered from 70 pounds and 212 degrees, when the feed is 
100 degrees, the boiler would have to supply 33.4 such anits— 
called pounds of water evaporated per horse-power — ^while the 
engine and boiler would be actually using by tank measurement 
only 30 pounds of water per horse-power. Oould conf naion be 
worse confounded ? This illustration shows why in the " Centen- 
nial Report " and in the paper I have proposed a separate unit. 
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CXLIX. 

NEW YORK TO CHICAGO IN SEVENTEEN HOURS. 

BY W. BARNBT LB TAN, PHILADBLPHIA, PA. 

In this paper it is proposed to show how the distance between "New 
York and Chicago can be covered in seventeen liours via the Penn- 
sylvania, and Pittsburgh, Ft. Wayne, and Chicago railroads. The 
distance by this route is nine hundred and eight miles, as fol- 
lows : — 

Miles. Minatee. 

N cw York City to Philadelphia, Mantua Station. ... 88 . 26 in 100 

Philadelphia to Harrisburg 103.07 in 114 

Harrisburg to Altoona 181.6 in 144 

Altoona to Pittsburgh 116.7 in 128 

Pittsburgh to Alliance 83 in 91 

Alliance to Crestline 106 in 117 

Crestline to Ft. Wayne 131.39 in 144 

Ft. Wayne to Chicago ; 148 in 162 

Total miles. 907.91 

Total time in minutes 1,000 

Crossings at grade via in Ohio 16 

** ". ** " Indiana 10 

*' ** " " Illinois 8 

Total number of crossings at grade 84 

Time lost by slowing down according to law 20 

Total number of minutes consumed 1,020 

Total time of run to Chicago in hours 17.00 

The Pennsvlvania Railroad has been selected, because that 
company controls the best equipped, most direct route between the 
two cities mentioned, and possesses the further advantage of having 
tenders fitted with a *' pick up" apparatus for supplying them 
while running with water from troughs placed between the rails. 

To accomplish the distance in the time named, is with the com- 
pany only a question of additional safety-gates, so as to keep the 
20 
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track clear througli the large towns and cities scattered along the 
route. 

The route is divided into eight sections, necessitating the use 
of eight locomotives. (This is, however, on account of the parti- 
tion of the road into Superintendents' Divisions, and not from the 
necessity of changing by reason of wear on the locomptives.) On 
the Western Division of Pennsylvania Railroad, however, two 
locomotives will be needed in crossing the Alleghany Mountain. 

At Philadelphia, instead of running into Broad Street Station, 
a locomotive and passenger car will be in waiting at Mantua, and 
take the place of the locomotive and car-passengers for Philadelphia 
only. At the other stations on the route, the passengers can be 
changed in the time occupied in changing locomotives. 

The ability of the locomotives of the Pennsylvania Railroad 
Company to perform this journey will be seen by the following in 
dicator diagrams : 




FlO. 58.— CUTTINO OFF AT 7 INCUEP, BOILER PRE8BUKB 186, 

55 MILES PER HOUR. 



Diagram figure 58 was taken when running at the rate oi fifty- 
five miles an houvj cutting off after the piston had traveled fieven- 
inclies, with a boiler pressure of one hundred and tliirty-five pounds 
per square inch, an average initial pressure of one Imndred and 
twenty-one and one-half pounds at commencement of the stroke, 
and eighty-four and one-half pounds at point of cut-off, and eight 
pounds average back pressure. 

Diagram figure 59 was taken when lainning sixty miles an houTf 
cutting off at seven inches, initial pressure one hundred and nine- 
teen and one-half, and eighty-one pounds pressure at point of cat 
off, averaging eight and one-half pounds back pressure. 
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Diagram figure 60 was taken when running sixty-four miles an 
hour^ boiler pressure as before one hundred and thirty-five pounds 




Fig. 69.— Cutting off at 7 inches, 60 milbs per houb. 

per square inch, initial pressure one hundred and twenty-seven and 
one-half, and eighty-four pounds at point of cut-off, averaging six 
and one-quarter pounds back pressure. 




Fio. 60.— Cutting off at 7 inches 64 miles per hour.] 



The dimensions of tliese locomotives are as follows: 

Diameter of cylinder in inches 18 

Diameter of piston rod in inches 8 

Area of piston less one-half arc of piston rod in square inches 251 

Length of stroke in inches , 24 

Diameter of drivers in inches 78 

Capacity of tank in gallons 1,920 

Capacity of coal box in pounds 12,000 

Weight of tender loaded in pounds 56,800 
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Weig^ht of locomotive in working order : 

On track in pounds 27,400 

On first pair of drivers in pounds 88,600 

On second pair of drivers in pounds 81,700 

Total weight in pounds 92,700 

The tractive force exerted for each pound of effective presfiure 
per square inch on the piston is: 

182 X 24 324 X 24 ^^^ 

^g = Y8 ~ * pounds. 

The water tank, as before stated, is fitted with Ramsbottom's 
water-lifting apparatus for taking in a supply of water while run- 
ning. 

To accomphsh 908 miles in seventeen hours, the average miles 
run per hour must ^^ fifty-five miles. Therefore, as the locomotive 
must be able to exceed the average number of miles per hour re- 
quired for this purpose, we will take diagram Figure 3, whose aver- 
age mean pressure is 40.3 pounds per square inch, and 276 revolu- 
tions per minute, averaging 677 horse-power. 

^^ 182 X 0.7854 X 1104 x 40.3 ^ ^^^ , 

HP = SSOOO ' ^ 2 = ^^^ horse-power. 

It is an every-day occurrence at intervals on the Pennsylvania 
and Bound Brook route to average, for short distances, seventy 
miles an houi*, in fact often a mile in forty five seconds, or at the 
rate of eifjhty miles an hour. Therefore it is not a question of ca- 
pacity of either the boilers or engines, it is simply a clear track and 
a disposition of the company to order it done. 

It is evident from the indicator diagrams shown that the boilers 
are superior to the engines. The diagrams show only an average 
of sixty-five oer cent, of the theoretical diagrams, while diagrams 
from stationary engines of similar capacity with automatic cutoff 
show an average of ninety per cent. This difference is due to the 
use of the link motion in locomotive engines. The scant opening 
which it gives when cutting off at six to eight inches is one of its 
most prominent defects, as a great part of the actual boiler power 
is expended in forcing the steam through the narrow openings, but 
pai'tially uncovered by the valve, whereby a loss of over thirty per 
cent, of effective motive power is the result. 
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By the substitution of a separate cnt-ofF valve, similar to that 
adopted by Mr. A. J. Stevens of the Central Pacific Railroad, this 
great loss could be overcome and there would be a great saving of 
fuel. This substitution would cost about $300 for each engine, 
and about thirty-three per cent, additional working power would be 
gained by it. 

DISCUSSION. 

Mr, Ckas. E, Emery, — ^As the paper does not appear to excite 
discussion, I will say that 1 am much obliged to Mr. Le Van for 
showing that locomotives now in use can be run regularly from New 
York to Chicago in 17 hours, simply by keeping the road clear, but 
I predict that no advantage would be obtained by the application of 
a separate cut-off to these engines, as suggested in the last clause 
of the paper. The cylinders of a locomotive being proportioned 
for starting a train are altogether too large to operate with econo- 
my at the higher speeds. A mere inspection of the diagrams will 
show that if the initial pressure had been held to a point of cut-off 
which would have continued back the same expansion curves, and 
represented therefore the same theoretical steam consumption, such 
point of cut-off would have been short for best economy. More- 
over, the shorter cut-oft* would produce more cylinder condensation ; 
this would be intensified if cushioning w^ere partially omitted, as 
for the same actual steam consumption the cut-off would be alto- 
gether too short for economy, and evidently the claim that there 
would be a gain of about thirty 4hr ee jper cent, 2i^^\\AO\\2\ working 
power does not appear to have been well considered. The fact 
is, that the application of the much abused link motion and 
lap-valve to locomotives has effected important savings in two di- 
rections. Ist, in reducing wear and tear by extreme cushioning, 
and 2d, by practically reducing the size of the cylinders at high 
speed by wire-drawing, early release and cushioning. Many master 
mechanics are even increasing the wire-drawing by reducing the 
ports, claiming a saving thereby. This has been done for years on 
the Boston and Albany road, and the only explanation of the re- 
sult when false valve faces are applied to old engines, so that no sav- 
ing in clearance spaces is made, is that it is a device to bring down 
the engine power to that of the boiler, more efficient than the 
throttle, simply because it is nearer the cylinders. I recommend 
reducing the size of the cylinder instead of the ports, thus making 
engines a little more diflScult to start but much more economical at 
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high speeds. On the freight engines of the Central Pacific road 
independent cut-offs have produced economy, simply because the 
speed is so low that tlie supply of steam required for the cylinder 
development is not greater than can be supplied by the boilers. A 
well-known builder of stationary engines at the East held the same 
views as Mr. Le Yan about the locomotive, aud after I had advised 
him to abandon the subject, for reasons previously stated, he ac- 
knowledged that he had some time previously got permission to 
apply independent, cut-off valves in upper separate chests to a 
passenger engine, though he was not allowed to meddle with the 
main valves, and had found to his great surprise that he could do 
no better with his attachments in use than when cut-off was pro- 
duced with the link motion. 

Mi\ Leamtt, — Mr. President, some of the members may remem- 
ber Mr. Holley's speech at the Hartford meeting on the Jigger. 
The Jigger was a locomotive built by Mr. Corliss, which had all tlie 
elements of success in the way of economy of fuel and distribution 
of steam. She would go over the road and take a great train, 
probably, quicker than anything they had, but the trouble was 
that it took a corps of machinists all night to put the machine in 
order for her work the next day. [Laughter.] 

Mr, Le Van. — My object in reading the paper was to show that 
the present locomotives, such as are in general use on the Pennsyl- 
vania Railroad, could make the run to Chicago in seventeen Jioura 
over their present road-bed. 

By the addition of a separate cut-off valve in connection with the 
shifting link motion, the present locomotives could be further im- 
proved as to capacity and economy. In a locomotive with sixteen- 
inch cylinders fitted with an independent cut-off valve arrange- 
ment, with our present size of boilers, the same amount of power 
could be produced which is now developed with eighteen-inch cyl- 
inders fitted with shifting link motion only. 

The average consumption of coal per train mile on our best 
roads is over fifty pounds; in England thirty pounds is the aver- 
age ; an independent cut-off valve arrangement would reduce this 
between twenty and thirty per cent, independently of the gain of 
power. 

I do not believe there is an engineer in the room who would 
like to design and build an engine for stationary use which would 
produce indicator diagrams such as those illustrated in this paper, 
and would admit that he admired such a performance. 
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Mr. Leavitt, in referring to Mr. Holley's criticism of the loco- 
motive built by Geo. H. Corliss, was correct, but due consideration 
raust be given to the time at which it was built. We must recollect 
that this engine was entirely a new departure, both in stationary 
and locomotive practice. He employed four valves, all operated 
independently of each other, and a liberating valre motion for his 
steam valves, which for high speeds does not answer ; a positive 
movement similar to the Buckeye, Porter-Allen, and others, com- 
plies with the requirements. Independent cut-off valves are not 
new in locomotives, having been used many years back with great 
success, but on account of their complication, as it was thought, 
under the known state of art they were discarded. 

But in the present state of the art, what engineer, manufacturer, 
or corporation would object to a Leavitt compound pumping en- 
gine, or a Worthington duplex pump, a Buckeye, Porter-Allen, or 
Corliss engine, or a stem-winding watch with a fifth second hand, 
on account of a complication of parts? or the additional care 
necessary to keep them up to their standard performance? All 
these machines were objected to on account of complex aiTange- 
ment, but they have for years worked economically, satisfactorily, 
and without scivino: trouble. 

The satisfactory running, and the economy in the use of fuel, of 
the Buckeye, Corliss, and other cut-off valve arrangements on loco- 
motives have never been questioned. 

Mr. Emery's argument is that the use of a separate cut-off 
valve, in bringing about a sharp cut-off, would be the reverse of 
economical unless smaller cylinders could be used, and that this 
was impracticable because the large cylinders were required in start- 
ing the train. lie forgets that my proposition is not to dispense 
with the link, but to retain the link and add a variable independent 
cut-off, as I consider the link motion the readiest and simplest 
means of reversing the locomotive, and its functions of cushioning 
can be retained. 

Mr, Kent. — Mr. Le Yan states in his paper that the running of 
such trains depends simply on a clear track and a disposition of 
the Company to order them run. A clear track can easily be ob- 
tained, if needed. The disposition of the Company not to order 
it done must be based upon some reasons. I wish Mr. Le Van 
would explain what those reasons are. I thought also there was 
some question about extra friction on locomotives, and wear — a 
question of repairs. 
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Mr, Le Van, — No, sir. 

It would necessitate, aft I have stated, the erection of additional 
safety-gates at all crossings at grade, especially in the large towns, 
and to be always prepared to have their roadway clear and 
their locomotives promptly on hand, so as to lose as little time as 
possible in making the changes. To do this it would cost more 
money to maintain such a train, and the question arises whether 
or not a sufficient number of passengers would be willing to pay 
the additional charges which would be demanded to maintain sndi 
a train. My opinion is that there are, and always will be, a suflB- 
cient number of passengers to whom tirrie is of vu/re iinportanoe 
than the extra charges which would be made in money. One of 
the best evidences is the paying success of the present " New York 
and Chicago limited " trains, which make the time in twenty-six and 
one-half hours. The Pennsylvania Railroad have the ability. It is 
only a question of dollars and cents ; the friction is reduced to 
those terms, and the merchantable question of " Will it pay ? " is the 
real question. 

Added since the meeting. 

Mr. Emery has referred to instances in which the ports of loco- 
motives have been reduced beyond the ordinary practice ; so far 
as lam able to learn, the results of such reduction in the ports have 
been unsatisfactory. 

The matter of theory as to expansion of steam vs, throttling of 
steam has been conclusively settled in marine and stationary engines 
in favor of expansion, as demonstrated by the practice of intelli- 
gent engineers of to-day, although the theory in favor of throttling 
is as good to-day as ever. 

The question is not as to whether in the abstract expansion or 
throttling upon locomotives is best, but is not expansion beneficial 
in a large part of the operations now controlled by throttling ; the 
point is the best practical means of achieving desirable results, and 
a comparison of the cost of such means with the value of the re- 
sults, and not whether any scientist's theory is perfect or at fault. 

I contend that there is at command in the present practice of the 
generation of steam on railways the means of getting better results, 
both in time and extent of load carried, by more economical ap- 
plications of steam, and that such results are attainable with a 
change of valve and construction of the engine, so that more of the 
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force of tlie steam may pass to the pistons and cranks instead of 
being wasted in friction by passing through constricted openings be- 
tween the valve and ports, and I am not assuming too much when 
I declare that this view of the case is deserving of most careful 
and serious consideration. 
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COMPAJilSON OF THREE TYPES OF MODERN INDI- 
CATORS. 



TiiK investigations on tliree types of modern indicatore, recently 
conducted by the writer, and forming tlie subject of this paper, con- 
eist of a brief analysis of the principal errors to which indicators 
are liable, and more especial!y an examination of the effect of tlie 



FIG.67IMDK!ATOR A. 




varying strain on the driving cord produced by the action of the 
paper drum mechanism. The writer was incited to these experi- 
ments by the publication of sonic diagrams taken witli the " Brown 
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INDICATOR B. 
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Device," similar to the one used in this investigation, and from the 
same three kinds of indicators. The inference drawn from the dia- 
grams was, that the mechanism of the paper drum and drum spring of 
an indicator had an important effect, and the statement was made that 
the errors produced in the form of indicator diagrams, by defects 
in tlie drum mechanism, were the most serious to be found in indi- 
cator practice. It seemed highly improbable that several years' 
practice in this field, on engines of widely varying sizes, and run- 
ning at widely different speeds, had given the writer no suspicion 
as to the existence of such serious errors in the instruments which 
he had been in the habit of using, but, being a new problem, it was 
worthy of investigation. 

The several instruments are treated under the various heads, and 
in the order given in the following list of subjects : 

1. Weight and Dimensions of Parts. 

2. Form of the Indicator Diagram. 

3. Errors of the 50-pound Indicator Spring. 

4. Parallelism of the Pencil Movement. 

5. Lost motion in the Pencil Movement. 

6. Action of the Drum Mechanism in producing Distortions in 

the Indicator Diagram. 
The indicators on which the investigations were made are repre- 
sented in the accompanying cuts, Figs. 67, 68 and 69, and designa- 
ted by the letters of the alphabet A, B, and C. The cuts ai'e sec- 
tional views, drawn to scale from measurements taken directly from 
the instruments, and reproduced here half size. The instruments 
were new and in perfect order at the time of the investigation, 
which was made in April and May, 1884. 
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1. Weight and Dimensions of Parts. 

Table No. 1 gives the weight of the essential parts of each indi- 
cator, expressed in grammes, together with the essential dimensions, 
expressed in centimeters. [1 gramme = 0.0353 oz. avoirdupois ; 
II centimeter = 0.394 in.] 

TABLE NO. 1.— WEIGHTS AND DIMENSIONS. 



1. Weight of pistOD 

2. Weight of all the rods to which the piston 

is attached, and constituting the pencil 
movement collectively 

3. Weight of pencil arm, including metallic 

point 

4. Weight of metallic point 

5. Weight of indicator spring 

6. Weight of back link 

7. Weight of paper drum 

8. Weight of drum carriage 

9. Weight of drum spring 



10. Weight of the complete instrument 

11. Diameter of drum 

12. Height of drum 

13. Number of times the piston motion is mul- 

tiplied 

14. Diameter of wire in drum spring of Indica- 

tor B (Helical form) 

15. Cross-section of steel in drum spring of In- 

dicators A and C (spiral form) 

16. Number of coils in drum spring 

17. Length of drum spring 

18. Total length of indicator spring 

19. Diameter of wire of indicator spring 

20. Number of coils of indicator spring between 

supports 



A.» 



10.785 



10.685 

1.928 

.122 

23.584 

2.748 

80.900 

100.450 

25.790 



1075.00 

5.15 

10.15 



B. 



954 X .058 
8 
79.95 
5.25 
.20 

6.6 



10.155 



12.925 

1.980 
.130 
14.030 
8.550 
41.540 
85.031 
84.788 
(including 
fittings.) 
658.50 
8.86 
6.98 

6 

.124 



22 
116.49 
4.19 
.20 

7.0 



C. 



20.75 



11.162 

2.900 

.170 

29.971 

2.804 

87.140 

205.800 

44.100 



1402.00 
5.08 
9.52 



.963 X .046 
13 
145.18 
6.01 

.28 

7.4 



Comparing these figures, it appears that the paper drum of Indi- 
cator B is much smaller than those of A and C. It is similar in 
size, however, to the small drum, A, referred to in the foot-note. 
The relatively large multiplication of the piston motion is notice- 
able in the case of Indicator B. The various weights are in some 
instances very different. For example, the collective weight of the 
paper drum, drum carriage and drum spring in Indicator C, is 3.03 
times that in B, and the collective weight of the piston and indi- 



* The weight of the paper dnim in the Indicator A having a small drum, referred to in Table No. 
4. i» 51.5gramnie(<. Its diameter is 3.68 c. m.; its height 6.(K) c. m.; and the weight of the complete 
inatrament 824 grammes. 
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Fig. 70. 
CMAQRAM FROM INDICATOR A. 




ng.7l. 

DIAGRAM FROM INDICATOR B. 




Fig. 72, 
DIAGRAM FROM INDICATOR C. 




cator spring in C is 2.1 times that in B. Indicator B takes the 
lead among the tliree instruments in having the least collective 
weight of the parts connected with the paper drum, and in having 
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the least weight of piston and indicator spring. Indicator A takes 
the lead among the three in having the lightest pencil arm, and 
the smallest collective weight of pencil movement, 
2. Form of the Indicator Diagram. 

The instruments were applied, one at a time in rapid succession, 
to one end of a high-speed Armington and Sims engine, making 
310 turns per minute. The test was made at the central station of 
the Brush Electric Lighting Company of Boston. The size of the 
cylinder of the engine is 9^^ inches diameter by 12 inches stroke. 
During the tests it was employed in driving dynamo machines 
carrying a steady number of lamps under a steady pressure of steam 
of 85 pounds per square inch. The mechanism for driving the 
indicators consisted of a reducing lever and segment attached by a 
connecting rod to the cross-head. The indicators were placed on 
the end of the cylinder furthest from the crank. The driving cord 
was of braided linen, about ^V^nches diameter, having a length be- 
tween paper drum and segment of 36 inches. Prepared paper and 
a metallic marking point were employed. Sixteen diagrams were 
taken in eacli case with a 50-pound indicator spring. One of each 
set representing a fair sample is reproduced full size in the accom- 
panying illustrations, Figures 70, 71, and 72. 

As far as the eye can judge from these diagrams, there appears 
to be little difference in the operation of the Indicators A and B. 
There are the same number of wavy lines in these two cases, occur- 
ring at the same points of the diagram, and having practically the 
same amount of curvature. The diagram from Indicator G has 
similar features, but the curvature of the wavy lines has more am- 
plitude. Here may be seen the evident effect produced by the com- 
paratively heavy weight of the pencil movement. 
3. Errors of the 50-pound Indicator Spring. 
Each indicator was tested for errors of the spring, under various 
steam pressures, the instruments being applied, one by one, to a 
testing apparatus, and compared with the same standard gauge. 
The indications on these tests measured with a 50 scale, are given 
in Table No. 2. 



316 COMPARISON OP THREE TYPES OP MODERN INDICATORS. 



TABLE NO. 2— ERRORS OP SPRINGS. 



Gauob Indication. 


A. 


B. 


C. 


10 


9.4 


9.5 


9.4 


30 


29.6 


29.1 


80.1 


50 


60.4 


49.1 


50.9 


70 


71.6 


69.6 


71.1 



From these measnrements the average error in the mean efEec- 
tive pressure of the diagrams represented by Figures 70, 71, and 72 
have been found to be as follows : 



A. 



B. 



c. 



.86 lbs. too high. 



.75 lbs. too low. 



.57 lbs. too high. 



4. Parallelism of the Pencil Movement. 

The springs were removed from the indicators, and the pencil 
movement operated in each case by holding the instrument to the 
mouth, and alternately blowing in and drawing out the air under 
the piston. At the same time the pencil point was applied to a 
blank card on the paper drum, and a line traced with the drum at 
rest. The results are reproduced full size, in the accompanying 
Figures 73, 74 and 75. A straight dotted line is given in each 
case, side by side, with the full line traced by the instrument, to 
show more readily to the eye the amount of departure. Accord- 
ing to the maker's rating, the vertical range of A is 64jf of the 
length here shown, that of B 55^, and that of C 74^^. Within the 
specified range, the lines are all practically straight. 

5. Lost Motion in the Pencil Movement. 

In continuation of the tests of parallelism, each instrument was 
held so that the ])eneil arm stood nearly vertical. A weight of 
four ounces was suspended from the pencil point, and aline traced 
upon a blank card by gently moving the pencil along with the 
finger. The instrument was then inverted and held so that the 
weight might take up the lost motion in the opposite direction, and 
another line traced as before. The distance by which the two lines 
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are separated represents the amount of lost motion. The results 
are reproduced, full size, in the accompanying Figures 76, 77 and 
78. Indicator C shows the least defect in this respect. The other 
two show defects of about the same extent, one being due princi- 
pally to lost motion in the curved slot, and the other to yielding 
of the numerous joints situated in the line of the piston rod, and 
±0 excessive multiplication. 

6. Action of the Drum Mechanism. 

DIAGRAMS SHOWING PARALLELISM. 



Fig. 73 A. 



Fig. 74 B. 



Fig. 75 C. 

H 



In order to show the fact that differences in the typo of drum 
spring, and in the design and weight of parts connected with the 
drum, effect tlie strain on the driving cord of the indicator, each 
drnm was tyied with the Brown drum-testing device, an instru- 
nient represented one-fourth size in Figure 79. 

It consists essentially of a spring, a, of the type employed in In- 
dicator B, having a nominal scale of 20, which is interposed be- 
tween the driving cord of the drum aiid the cross-head and guide, 
6, which gives it motion. The motion of the free end of the spring 
21 
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DIACRAM8 8HOWINQ LOST MOTION. 



Fig. 76 A. 



Fig. 77 B. 



Fig. 78 C. 



Ib communicated to a pencil point, c, tlirongh a multiplying bell 
crank lever, d. The pencil point marks on apiece of paper placed 
on the board, e, which for this purpose is swung into the required 
position. The distance from the centre of the paper drum of the 
indicator, which is attached by the clamp at the right-hand end to 
the hook on the spring, when the cross-head is at the centre of its 
range of motion, is 19 inches. This was tried in each case under 
two different tensions of the drum spring, and two different speeds. 
The number of turns of the cap which holds the end of the spring, 
starting with a position of no tension in each case, is given in Table 
No. 3. Tliis table also gives the pull in pounds required to move 
the drum at each end of its range of motion, which is the true indi- 
cation of the tension of the spring. 
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—TENSION OP DRUM SPKINQS. 



A. 


t 






c. 




Amount or Tikmon. low 


„■=,. 


LOW 


i.oo'i.Boa.eo 

1.253.373.50 
S.»)a.l2|3.£0 


Hioa 


I Tenpion in turiis of cap, when at rest iO.35 

3. Weiglit required to [.tart dram, lis 1,12 

3. Weight required to revolve drutu to end of 

its motion, Iba 2.87 


1.250.50 
2.75 0.62 

3.503.00 


8.60 
3.1-J 

4.25 



The speede selected were 310 revolutions per minute, the same 
as the engine speed, and 395 revohitionB per tninntc. The driving 
motion was taken from an engine-lathe properly ligged for the 
purpose. 

The diagrams obtained on these tests are reprodnced, fall size, in 
Figures SO to 90, The lower lines in each ease were traced when 
the instrument was in operation without connection with the driv- 
ing cord of the indicator. 

These diagrams, it should be noticed, show thefaet that a diffei^ 
cnee in the stress on the cord is produced by variation in the kind of 
drum mechanism, in the tension of the spring, and in the speed of 
working; but it should be borne in mind that the effect is increaeed 
by the presence of the spring and multiplied by the lever of the 
Brown device. They do not show the actual change produced in 
the length of the driving cord, and they give no indication of itg 
amount. 

To show the actual efEccts produced, each paper drum was tried 
on a device planned for the purposes of this investigation, by Mr. 
E. H. Gowing, assistant to the writer. The instrument, in essen- 
tial features, is represented one-fourth size in Figure. 91. 

The (rowing device consists of a rod, a, working through suitable 
guides attached to tlie stand, e, and having a reciprocating motion, 
transmitted by means of the connecting rod, c, and crosa-bead, }. 
The rod, a, extends to the other end of the stand, and therecarries 
the pencil, d. Here the indicator is clamped to the etand, witli 
the drum in such a position that it lies parallel to the rod, and 
directly beneath the point of the pencil. The screw, f, adjusts the 
vertical position of the pencil, and enables it to be brought into 
contact with the drum, as is done in the act of working the instm- 
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DIAGRAMS TAKEN WITH BROWN'S DEVICE. 
SPEED 310 REV. PER MIN. 
INDICATORS VERTICAL. 



Fig. 80. A. 
Low Tension 




Fig. 81. A. 
High Tension 





Fig. 82. B. 
Low Tension 



Fig. 83. B. 
High Tension 



Fig. 84. C. 
Low Tension 




Fig. 85. C. 
Modium Tension 




Fig. 86. C. 
High Tension 




ment. Tlie driving cord of the indicator, after passing over the 
carrier pulley, is attached to a hook on the cross-head, and thus 
receives its reciprocating motion. 
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It will be readily understood that the line traced on the surface 
of the drum, when the apparatus is at work, will assume, in 
general, a diagonal course across the rectangular card on which it 
is drawn. If the motion of the cross-head is accurately trans- 
ferred through the cord to the drum, the line is straight, and it has 

DIAGRAMS TAKEN WITH BROWN'S DEVICE 
SDEED 395 REV. PER MIN. 
INDICATORS VERTICAL 



Fig. 87 A. 
High Tension 




Fig. 88 B. 
High T«nti«n 




Fig. 89 C. 
High Tension 



Fig. 90 C. 
IMediuni Tension 




the same location whether the motion be forward or backward. 
The effect of variation of strain on the cord, is to lengthen or 
shorten it, thereby retarding or accelerating the motion of the 
drum and displacing the position of the line. T)ie displacement 
occurs in the direction of the motion of the drum, and its amount 
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at any point represents tlie actual error at that point produced by 
defects in tlie drum incchanisni. 

In working the apparatus, a baseline is drawn with pencil at 
rest, and drum in motion. Then a diagram is drawn witli both hi 
motion, at slow speed, or under conditions which give the least 
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yariation of strain. Finally, the apparatus is worked at the speed 
to be tested, the length of the cord being first slightly changed, so 
as to obtain the diagrams separated. Yariations in the strain are 
indicated by the variations in the distance of the slow diagram from 
the speed diagram measured in the direction of the base line. 

For tlie purposes of this investigation, the instrument was oper- 
ated in the same manner as the Brown device, and under the same 
conditions of speed and tension of drum springs. 

DIAGRAMS TAKEN WITH BROWN'S DEVICE 

SPEED 395 REV, PER MIN. 
HIQH TENSION - INDICATORS HORIZONTAL 



Fig. 92 A. 




-IIW ., 



Fig. 93 B. 







Fig. 94 C. 




The diagrams are reproduced full size, in the accompanying Fig- 
ures 95-104, the slow diagram in each case being beneath the speed 
diagram. Preceding them are some taken by Brown^s deYice, Rg- 
ures 92-94, witli the indicators in the same horizontal pocdtion, as 
that occupied during the tests with the Gowing device. In the 
tests with the Brown device already considered, the cord puaed 
directly to the drum, 36 inches distant. In the remaining tests it 
passed at right angles over the carrier pulley of the indicator, and 
the distance was 24 inches. Preliminary trials showed a marked 
effect produced by friction of the carrier pulley, when not sufficiently 
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DIAGRAMS TAKEN WITH QOWINQ'S DEVICE. 

SPEED 310 REV. PER MIN. 
HIGH TENSION - INDICATORS HORIZONTAL. 
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DIAGRAMS TAKEN WITH QOWINCS DEVICE. 

SPEED 310 REV. PER MIN. 
LOW TENSION • INDICATORS HORIZONTAL. 
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DIAQRAMS TAKEN W.TH QOWHOn DEVICE. 

SPEED 806 REV. PER MIN. 
HIQH TENSION • INDICATORS HORIZONTAL. 
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lubricated. On all the tests the same kind of cord was used as that 
employed in taking the engine diagrams. 

Tlie results of the trials with Gowing's device may be best nn- 
derstood by referring to the following measurements, given in 
Table Xo. 4, expressed in inches. 

1st. The length of the slow diagram in the direction of the drnm 
motion. 

2d. The difference between the length of the alow diagram, and 
that of the sj>e€d diagram, representing the total distortion 
or stretch, produced by defects in the drum mechanism. 

3d. The greatest distance by which the lines of the speed diagram 
are separated, measured in the direction of tlie drum motion, 
representing the friction of the drum mechanism under 
speed. 

4th. The greatest distance by which the lines of the slow diagram 
are separated, measured in the direction of the drum motion, 
representing the friction of the drum mechanism at slow 
speed. 

TABLE NO. 4. 
Actual Distoetion produced by Defects op Drum MscHAinsif. 




Low Tension, Low Speed. 

1. Total length, slow 

2. Total stretch produced at speed 

3. Distortion by friction at speed 

4. Distortion by friction, slow 

High Tension, Low Speed. 

1. Total length, slow 

2. Total stretch at speed 

8. Distortion by friction at ppeed 

4. Distortion by friction, slow 

High Tension, High Speed. 

1. Total length, slow .t 

2. Total stretch at speed 

8. Distortion by friction at speed 

4. Dibtortiou by friction, slow 

Indicator A with small Drum. 
High Tension, High Speed. 

1. Total length, slow 

2. Total stretch at i^poed 

8. Distortion by friction at speed 

4. Distortion by friction, slow 



In: 

2.96 
.06 
.026 
.01 



2.96 
.04 
.08 
.015 



2.96 


.06 


.05 


.02 


2.96 


.04 


.03 


.02 



In. 

2.96 
.04 
.015 
.006 



2.96 
.08 
.02 
.005 



2.96 
.03 
.015 
.005 



C. 



In. 

2.84 
.08 
.085 
.01 



2.84 
.07 
.05 
.02 



2.84 
.18 
.80 
.02 
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These measurements show that among the three standard indica- 
tors, the least total distortion is produced in the case of indicator 
B, and the greatest in tliat of indicator C. Expressed in percent- 
age of the total length of the slow diagram, the total stretch ranges 
in A, from 1^^ to 2;^ ; in B, from 1^ to 1 J^ ; and in C, from 2i^ 
to 6^. In the case of C at high speed, it was apparent on the 
trials that the chosen speed was beyond the limit witliin which the 
drum mechanism in this case was adapted. It does not properly 
compare, therefore, with the other cases. 

A noticeable feature in the results obtained from indicators A 
and C, is the excessive friction shown by the slow diagrams. It 
appears to be caused by the rubbing of contiguous coils of the 
drum spring upon each other. A considerable length of the spring 
is coiled closely upon itself, with no space separating one coil from 
the next. The results given at the bottom of the table, obtained 
from a second indicator A, having a drum of similar size to that in 
B, shows the same defect, but otherwise slightly better action. In 
indicator B the contiguous coils do not touch, and the friction 
shown by the sloiv diagram is reduced to a minimum. 

There remains to be considered the eflEect of these errors of drum 
motion on the engine diagram. The examination is confined to the 
effect produced on the mean effective pressure. The diagrams, of 
which Figures 70, 71 and 72 are samples, were carefully measured 
with a planimeter, and their lengths taken, with the results given 
in Table No. 5. The first eight diagrams in each case were taken 
with low tension on the drum spring, and the last eight with high 
tension. The measurements of all the diagrams are given to show 
that the load on the engine was practically constant, during the 
time any one indicator was in use. 
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TABLE NO. 5. 



Measxtbembnts of Engine Diaobams. 



Number. 


Area enclofied in Diagram, 
eq. in. 


Length of Diagram, 
in. 


Indicatar A. 










1 


2.51 




8.18 




2 


2.58 




8.14 




3 


2.50 




8.18 




4 


2.50 




8.18 




5 


2.51 




8.18 




6 


2.52 




8.14 




7 


2.54 




8.18 




8 


2.51 


Av. 2.515 


8.18 


Av. 8.188 


9 


2.50 




8.14 




10 


2.51 




8.18 




11 


2.52 




8.14 




12 


2.51 




8.18 




13 


2.47 




8.13 




14 


2.51 




3.18 




15 


2.51 




8.18 




16 


2.52 


Av. 2.505 


8.13 


Ay. 8.133 


Ifidicfitor B. 










1 


2.48 




8.18 




'4 


2.48 




8.18 




8 


2.51 




8.18 




4 


2.50 




8.19 




5 


2.48 




8.18 




6 


2.48 




8.19 




7 


2.51 




8.18 




8 


2.51 


Av. 2.495 


8.18 


Av. 8.188 


9 


2.45 




8.18 




10 


2.46 




3.18 




11 


2^9 




8.18 




12 


2.51 




8.18 




13 


2.44 




8.18 




14 


2.48 




8.18 




15 


2.50 




8.18 




16 


2.49. 


Av. 2.477 


8.18 


Av. 8.18 


Indicator C 










1 


2.43 




3.09 




2 


2.39 




8.08 




3 


2.4:^ 




8.08 




4 


2.43 




8.08 




5 


2.45 




3.09 




6 


2.41 




8.08 




It 


2.41 




8.08 




8 


2.4:^ 


Av. 2.423 


3.08 


Av. 8.065 
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2.43 




3.07 




10 


2.39 




3.07 




11 


2.42 




3.07 




12 


2.44 




3.07 




18 


2.43 




3.07 




14 


2.40 




3.06 




15 


2.37 




3.06 




16 


2.42 


Av. 2.411 


8.06 


Av. 8.066 
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The mean effective pressures in pounds per square inch, com- 
puted from the averages of these results, and corrected for error of 
indicator spring given in Table No. 2, are as follows: 



Low Tketsion. 


High Tension. 


89.78 


89.63 


89.95 


89.89 


88.78 


88.75 



Indicator A. 
Indicator 6. 
Indicator C. 

These quantities cannot be analyzed without allowance for the 
possibility of a change of load on the engine during the period while 
the tests were being made. The record in Table No. 5 shows no 
material change while any one indicator was under test, and 
this is a strong indication that the load remained virtually con- 
stant from one test to another. Taking the figures as they stand, 
it appears that the indicators A and B give nearly identical results. 
Indicator C shows some 2i^ variation. This variation may be due 
in part to the distortion in the drum motion, but it is no doubt due 
quite as much to the effect of the momentum of the comparatively 
heavy pencil movement. The difference produced by the change 
of tension on the drum spring appears to be immaterial. 

The results wliich have been tabulated show for themselves, 
but it may be said in review that the serious faults claimed to be 
produced by drum mechanism appear wanting. In careful and in- 
telligent hands, any one of the three indicators may be relied upon 
for substantial accuracy. Competition in the manufacture of indi- 
cators has been active in this country, and it has had the usual 
tendency to induce improvements. If the results of this investi- 
gation prove an incentive to still greater advances for securing more 
accurate instruments, its object will have been realized. 

DISCUSSION. 

Jlr, Porter, — Mr. President, my experience inclines me to think 
tliat undue importance is attached to the stretching of the diagram 
at excessive speeds. I have repeatedly taken diagrams on the 
same sheet — first at a very slow motion, and then at a very rapid 
motion, with the same instrument, without moving anything, 
and compared them. The diagrams taken at a very rapid 
motion will be considerably longer at each end — elongated each 
way — than the one taken at a very slow motion. But a careful ex- 
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amination of the two diagi^ams, setting them out, eonlpnting the 
power, shows that the real distortion in their shape amounts to 
very little. So far as I have been able to judge, I think these very * 
trifling percentages of distortion are really practically of no account 
whatever That is the way it strikes me. These reciprocating 
movements of the drum are very rapid in those cases, almost 400 
revolutions of the engine being reached in one case — 400 reciproca- 
tions each way. The parts are made as light as possible, and it is a 
matter of degree. We must have some strength in the drum. The 
drum must hold the paper with sctme firmness, and it must be ca- 
pable of maintaining its position upon the arbor with precision, 
and I fancy that care has been exercised in the construction of all 
these instruments in the highest degree, and the utmost lijB^htness 
consistent with first-rate work has already been attained, and I do 
not think we need give any consideration to that matter. It will 
always be found as we increase the speed of the engine the diagram 
is a little elongated, with any instrument ; but I do not think it is 
distorted in any degree. 

It is very pleasant to see such a point as this raised, however. 
It shows the degree of attention that the subject is receiving, and 
the real thoroughness of the thought that is given to it, and extend- 
ing to such a point as that which 3'ears ago would have passed with- 
out any notice whatever. 

The really serious points with respect to the instruments, how- 
ever, are their accuracy as instruments of precision in actually re- 
cording the pressures and indicating the pressure at every point in 
the stroke, the accuracy of the spring, the correctness of the area of 
the piston, and their permanent correctness, so that year after year 
it shall be the same thing, and the freedom from friction in the ac- 
tion of the indicator that should check its action at the top or bot- 
tom of the scale, or anywhere on the scale. Those are really the 
vital points in the construction of the indicator, and, as I understand 
the experiments of Mr. Barriis, the errors observed in the instru- 
ments in this respect are very trifling indeed. 

It often happens that an instrument tried for friction when the 
piston is not moving, being set in the steam-chest or on the end of 
the cylinder, and the steam turned on without the piston and the en- 
gine moving, throwing the pencil of the indicator up, then drawing 
a line by hand with the spring, that that Avill not be accurate, be- 
cause the piston stands motionless for quite a while, and a very lit- 
tle thing will check its movement to the precise point. But when 
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the engine is in motion, the piston moving freely and rapidly, tlien 
there will be no such hindrance to its action. I have observed that 
to be the case many times. So that it is very wrong to form a judg- 
ment against an indicator 'because its action is a little impeded 
when the piston is in this stationary condition. 

Mr. Hand. — I would like to ask if there have ever been any in- 
struments made to determine how much and in what way the 
diagram was distorted b}" the friction of the pencil on the paper. 

Mi\ Porter, — 1 think I can answer that question, sir. The effect 
of friction is alwavs found to be to limit the ran^^e of motion in 
both directions, upward and downward, so that less than the 
boiler pressure will be shown, the cut-off later than it was, and 
a greater back pressure than really exists, or a less perfect vac- 
uum than really exists. For example, those lines on the expansion 
curves represented are perfect lines. If there is an angle in the 
line, that is produced by friction ; but when, as in these cases, the 
line is a flowing line, perfectly free from angles, that shows the 
action to be entirely friction less, and the mean of the vibrations 
will always be the true, real expansion curve of the steam. 

Mr, Hand. — I know that the wavy lines are caused by friction, 
but I want to know whether any one has ever separated the friction 
caused by the rubbing of the piston in the cylinder from the fric- 
tioii uf the pencil on the paper. I want to get the two separated. 

Mr. Porter. — I can answer that question. It is a very common 
practice, so far as I know, among engineers, after taking the dia- 
gram to remove the pencil from the paper a little way, and watch 
it and see if it retraces the line. 

Mr. Ilaral. — That would depend something on the angle at 
which a man looked at the pencil [laughter]. 

Mr. Porter. — Oh, yes, sir. It all depends, you know — every- 
thing dej)ends [laughter]. But that is the way to tell whether 
the line has been affected by the pressure of the pencil on the 
pai)er — be sure your point does not touch the paper, keep it so close 
to it that you can see that it is retracing the line precisely, and then 
you know. It is very satisfactory to know that the pressure of the 
pencil on the paper has not affected the diagram. 

Prof. Pohinmn. — In regard to that question, I think that we 
might get an approximate result, to say the least, by pressing the 
pencil (juite hard upon the paper and getting one diagram, then 
pressing very lightly upon the paper, assuming that the engine 
would make the same diagram if it had the chance. 
22 
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I think a true or perfect indicator is one which has no mass of 
reciprocating parts, or no weight of reciprocating parts. I think 
that is fully as evident as that a perfect screw can be made after the 
manner described in the paper read by Professor Kogers. 

It seems to be impossible, however, to employ reciprocating parts 
without weight, and this will involve certain dynamic force which 
will cause a modification of form of the diagram taken. To free 
the indicator from dynamic forces it will be necessary to reduce 
the reciprocating parts of the indicator to absolutely no weight. 
It is evident that it is impossible to do this with the ordinary 
scheme of an indicator, that of having a piston, a spring, and con- 
nections for carrying the pencil. We can greatly reduce the weight 
of the piston and other parts, but the spring, however, has abso- 
lutely to have some certain weight, and according to the statements 
in the discussion on spiral or helical springs, it would seem that the 
weight of the spring would have some relation to its stifiEness. In 
other words, for the indicator to have a spring that shall do its 
work, and that will stand the pressure which is brought to bear 
upon the piston, there must be a considerable weight of spring. 
If we reduce the area of the piston, we reduce the weight of spring, 
because we reduce the acting force, so that there seems to be a rela- 
tion between the force acting upon the piston and the mass of mat- 
ter in the spring to be overcome by the action of the pressure upon 
the piston, thus necessarily involving dynamic force. So that it is 
impossible to approximate even to a near result in eliminating 
dynamic force, because if we reduce the pressure upon the piston 
one half, we may reduce the weight of the spring — I am not quite 
certain whether the law is for that to be one half, but it would be 
reduced. I am not prepared to state what the law would be, 
whether the law runs parallel or not. According to the formulse 
given, however, by tlie reader of the spring paper, the volume is to 
be in definite relation to the work performed in compressing the 
spring. If that be true, we can then predicate that the weight of 
the spring would be proportionate to the area of the piston. 
The stroke would perhaps modify that somewhat, although the 
longer the stroke the lighter the spring might be. I am not pre- 
pared to carry that point out fully. 

If Professor Webb were here, I think he would be able to de- 
scribe an indicator in which the effect of mass would be very nearly 
totally eliminated. 

I would allude to one point in regard to the effect of the weight 
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• 

of the barrel in modifying the length of the diagram. I would like 
to put the question whether in obtaining those figures that are given 
lis in the paper, these figures were obtained from a given horizon- 
tal scale of stroke, or from the length of diagram as unit of hori- 
zontal scale. I think the true way would be to measure the dia- 
gram in each case ; that is, for obtaining the nearest approximation 
to the true value of indicator area, take the length of the diagram 
produced by the indicator to represent the stroke of the engine. 
It strikes me that if this has not been done, if it should be done, 
these figures would come nearer to an agreement. I presume, how- 
ever, Mr. Barrus has made that clear in his paper. 

Mr. Le Van, — ^I think the Society ought to thank Mr. Barrus 
for the care and pains he has taken in making the trials. But he 
has not gone far enough. Tlie difficulty, I think, is, he has taken 
these diagrams at different intervals of time, whereas they should 
have been taken simultaneously. There is a great chance for an 
error to creep in which no one man can prevent. 

Mi\ Hand, — I have no hesitation in saying that I never expect 
to know as much about the indicator as these gentlemen here, but, 
at the same time, 1 am very much interested in it, and for the past 
year have been experimenting to find a way to photograph the lines 
on the paper, and thus make a diagram instead of using the pencil. 
As the members here seem to have some feeling for those who do 
not always meet with success, I will not hesitate to make an exam- 
ple of myself by saying that I think I have bitten off a larger piece 
than I am able to masticate [laughter]. 

My object was to get a diagram without pencil friction, and find 
the distortion due to such friction. This is what led me to ask the 
first question. 

Mr. Porter. — Before the Richards indicator had been adapted to 
use at higher speeds, I was often in the habit of taking an observa- 
tion that will be interesting as a better answer than I thought of be- 
fore with respect to this matter of the eft'ect of the friction of the 
pencil point upon the form of the diagram. Bunning the Richards 
indicator at a pretty high speed, cutting off very short and very 
sharp on the expansion curve, the pencil would be thrown, when it 
did not touch the paper at all, into a state of extreme vibration. If 
we touch the paper very lightly indeed, we get a delicate line show- 
ing these vibrations. Bear a little harder, and those vibrations are 
reduced. Bear harder still, and they are reduced still more, and 
with a little more pressure we get a line with very slight waves in 
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countrymen. Tlie work on the C indicators cannot be so well 
spoken of, nor tliat of those so-called Eichards indicators formerly 
made in this country by the same firm. I used their instruments 
of course for government steamers when there was nothing else to 
be had without importation, and was asked professionally about ten 
years ago to overlook the manufacture, but never got time to do it. 
The several indicators probably have each advantages for special 
uses. I would prefer to put the C instrument in unskilled hands, 
as it is a less delicate piece of apparatus. Any good mechanic who 
takes an interest in the matter can rebuild one so as to do good 
work within its limits in a short time. The A indicator will need 
no rebuilding, and will always give satisfaction to any one who can 
appreciate it. The indicator B is a mechanical gem, but some 
features, such as the leverage and size of dnim, have been carried 
to extremes to overcome the known difficulties, and being beyond 
the mean, I cannot find that this instrument does any better work 
than the type lettered A, even at the highest speeds. I judge prin- 
cipally from results obtained by one of my assistants, who uses all 
three kinds in our business. He has made a lighter drum with 
modified spring arrangement for his C instrument, thereby adapt- 
ing it for much higher speeds than formerly. 

Referring to the discussion, our earnest friend, who acknowledged 
that he had attempted more than he could carry out in photograph- 
ing the movement of an indicator pencil, made the statement that 
he knew the vibrations in the lines were due to friction. I dond 
know it. Mr. Porter probably did not notice the statement, as he 
did not correct it. The effect of friction is to redttoe the vibrations, 
and also to change the form and reduce the area of the diagram. 
Extreme friction will modify the smooth curves and cause abrupt 
changes of direction readily detected by the practised eye, and 
easily learned by the simple device of pressing the pencil lightly at 
one time and again with considerable force on the papers. Every 
spring connected with a given mass has a definite period of vibra- 
tion, which explains the vibrations of an indicator pencil. The less 
the niaos and extent of movement and thestiffer the spring, the lees 
the amplitude of the vibrations, and this is the direction in whidb 
improvements on the indicator have been made. To keep friction 
at a minimum, I recommend discarding the special points and the 
paper with the roughened surface, and using simply a fairly hard 
bit of drawing pencil on smooth paper adapted to receive the maik. 
By the latter method slight undulations can be detected whoi 
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labor in the same direction. A brief statement of my experience 
with indicators may be of interest. 

Ten to fifteen years ago I had probably the privilege of taking 
more indicator diagrams than any one in the country. The Gov- 
ernment experiments at the Novelty Iron Works, New York, ter- 
minating in 1868, required the continuous use of the instrument for 
several years ; the subsequent experiments for that firm continued 
its use, as well as the well-known experiments on the U. S. lie venue 
Marine and U. S. Coast Survey steamers. The " McNaught " form, 
with piston and pencil having the same movement, was in general 
use in the U. S. Navy at the beginning of the civil war in 1861, and 
the first one I used had no paper drum, but instead a flat board 
traversed in both directions by a positive connection through levers 
with the main piston. This antiquated arrangement therefore did 
not have the errors due to the stretching of a string referred to in 
the paper. The more common form of the McNaught instrument 
had the well-known paper drum, but could not be used satisfactorily 
above fifty revolutions per minute, though I got fair diagrams from 
gunboat engines at eighty revolutions by letting the top of the pis- 
ton rod of the instrument strike a shoulder on a stick adjusted to 
control the extreme initial impulse, which, more than anything, 
caused a series of waves throughout the whole diagram. My prin- 
cipal experience afterward was with the Kichards instruments, which 
operated very satisfactorily when well made, at least up to 150 
revolutions per minute. Mr. Porter had by this time shown the 
practicability of high-speed engines, and I made a series of the Nov- 
elty Iron Works experiments which showed that an increase of 
speed produced economy b}^ a reduction of cj'linder condensation, 
as was published in the Novelty Iron Works circular of 1869, and 
reproduced by Prof. Trowbridge.* 

The three indicators here discussed have all been developed since 
that time. The indicator lettered C, was the immediate successor 
of the Richards, and was the one ordered for Revenue steamers 
when the manufacture of tlie old Richards indicator ceased. About 
a year ago I carefully examined and tested instruments of the 
type A, and was so much pleased that I ordered a pair for a client. 
The work and finish of the A, and apparently also of the B instru- 
ments are very good, — in fact, a credit to the mechanical skill of our 



* Tables and Diagrams relating to Non-Condensing Engines and Boilers, by 
W. P. Trowbridge, 1872. 



338 COMPARISON OF THBEE TYPES OF MODERN INDICATORS. 

countrymen. The work on the indicators cannot be so well 
spoken of, nor that of those so-called Eichards indicators formerly 
made in this country by the same firm. I used their instruments 
of course for government steamers when there was nothing else to 
be had without importation, and was asked professionally about ten 
years ago to overlook the manufacture, but never got time to do it. 
The several indicators probably have each advantages for special 
uses. I would prefer to put the C instrument in unskilled hands, 
as it is a less delicate piece of apparatus. Any good mechanic who 
takes an interest in the matter can rebuild one so as to do good 
work within its limits in a short time. The A indicator will need 
no rebuilding, and will always give satisfaction to anyone who can 
appreciate it. The indicator B is a mechanical gem, but some 
features, such as the leverage and size of drum, have been carried 
to extremes to overcome the known difficulties, and being beyond 
the mean, I cannot find that this instrument does any better work 
than the type lettered A, even at the highest speeds. I judge prin- 
cipally from results obtained by one of my assistants, who uses all 
three kinds in our business. He has made a lighter drum with 
modified spring arrangement for his C instrument, thereby adapt- 
ing it for much higher speeds than formerly. 

Keferring to the discussion, our earnest friend, who acknowledged 
that he had attempted more than he could caiTy out in photograph- 
ing the movement of an indicator pencil, made the statement that 
he knew the vibrations in the lines were due to friction. I do not 
know it. Mr. Porter probably did not notice the statement, as he 
did not correct it. The eftect of friction is to reduce the vibrations, 
and also to change the form and reduce the area of Uie diagram. 
Extreme friction will modify the smooth curves and cause abnipt 
changes of direction readily detected by the practised eye, and 
easily learned by the simple device of pressing the pencil lightly at 
one time and again with considerable force on the papers. Every 
spring connected with a given mass has a definite period of vibra^ 
tion, which explains the vibrations of an indicator pencil. The less 
the maos and extent of movement and the stiflfer the spring, the less 
the amplitude of the vibrations, and this is the direction in which 
improvements on the indicator have been made. To keep friction 
at a minimum, I recommend discarding the special points and the 
paper with the roughened surface, and using simply a fairly hard 
bit of drawing pencil on smooth paper adapted to receive the mark. 
By the latter method slight undulations can be detected when 
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using the most modern indicators at moderate speeds, and they 
show the instrument to be in good condition. The areas of such 
diagrams are more nearly correct than when a smootli diagram is 
obtained, though the difference is trifling when comparison is made 
of careful work by each method. 
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CLI. 

APPENDIX. 

■ 

REPORT ON NATURAL GAS FOR INDUSTRIAL 

PURPOSES. 

Presented by a Committee of the Engineers' Society of Western Pennsylvania, 
and read in joint session with the A. S. M. E. at Pittsburgh, May 20, 1884. 

To the President and Memhers of the Engineer^ Society of Western 
Pennsylvania : 

Gentlemen — Your committee appointed in January to examine 
into and report upon the utilization of natural gas, beg leave re- 
spectfully to submit tlie following report: 

After prompt organization, we have held a number of meetings, 
and have visited several prominent manufacturing establishments 
where natural gas is beiug used. We have examined into the 
methods of distributing and regulating the pressure in mains, and 
tlie question of municipal control. 

We have from the outset taken counsel with the Board of Insur- 
ance Underwriters of Allegheny County. 

We have to express our grateful acknowledgments to the follow- 
ing gentlemen for courtesy in affording us facilities for the prose- 
cution of our work: President Ford, of the Pittsburgh Plate Glass 
Works, Creighton Station, Pa. ; Messrs. Atwood & McCaffrey, 
Messrs. Carnegie Bros, ifc Co., Mr. Howard Morton, Forwai-d 
Avenue, East Liberty; Mr. Pew, of the Penn Fuel Company; 
Messrs. Spang, Chalfant ct Co., Fuel Gas Co., all of Pittsburgh. 

It is now nearly twenty-live years since the first wells drilled 
into the sand and rocks of Yenango County gave origin to the great 
and steadily increasing petroleum industry, but we have only re- 
cently begun to realize that with the petroleum is associated an 
invisible fuel, which, by reason of its calorific power and the variety 
of its possible applications, may yet assume a degree of commercial 
importance comparable to that of petroleiun. 

I. Natural gas from Western Pennsylvania is, in most cases, a 
mixture of more or less complex character. The few investigations 
published during the past few years tend to show that it is essen- 
tially Composed of the hydrocarbons of the series in chemistry 
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know as paraffins. In an accompanying table are enumerated some 
of the leading members of this series. 

From the table it is evident that the members differ in their rela- 
tive proportions of carbon and hydrogen. The vapors of these 
liydrocarbons are heavier as the proportion of carbon is greater. 
The calorific values show the superiority of marsh gas, weight for 
weight, over all the others. The first three are odorless ; among 
the others the odor is stronger in proportion as the amoimt of car- 
bon is greater. A remarkable similarity of chemical properties is 
exhibited by all, and by reason of the strong attraction existing be- 
tween them, the boiling point of a mixture is always found to be 
considerably higher than that of its most volatile constituent. They 
are theoretically the point of departure for the formation of a great 
number of useful compounds, such as alcohol, chloroform, acetic 
acid, and glycerine, but, on account of serious technical difficulties, 
due chiefly to their remarkable resistance to ordinary chemical re- 
agents (paraffin, parum and affinis), they have never yet been 
turned to practical account. They are not actively poisonous. It 
should be stated tliat many of these paraffins are known to exist in 
several different modifications, differing especially in boiling points. 
Hence tlie list of boiling points above given must be understood as 
merely including the temperatures at which the typical members of 
the paraffin series pass from the liquid to the vapor state. It will 
serve to show that what is a gas or vapor in summer may become 
a liquid in the winter. 

In the lower sand rocks of the oil regions occur probably all the 
members of the series, the less volatile flowing as petroleum, and 
the more volatile existing in a state of compression ready to escape 
through every opening. 

Natural gas is then a mixture of the most volatile of these hydro- 
carbons, carrying various quantities of the vapor of the less volatile 
compounds. The lightest member, marsh gas (so called from its 
constant occurrence among tlie products of vegetable decay), is the 
chief element of the gas likely to be supplied to Pittsburgh. In 
addition to these, hydrogen, carbonic acid, carbonic oxide, oxygen, 
and nitrogen are found. 

It is stated that C2, II4, ethelyne, and other hydrocarbons of the 
series known as olefines, occur ; but positive evidence upon this 
point is wanting, except in the extreme north end of the oil field. 
An accompanying table gives a general view of the composition of 
gas from a number of wells. (See page 357.) 
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Tlie. table illustrates the predominance of marsh gas. Katnral 
gas is usually a little more than one half as heavy as air. The gas 
from Sheffield, Warren County, has a specific gravity of 0.46, while 
that from Pioneer Run, if the analysis of Fouque is correct, must 
be about 1.5. 

As the gas and oil sands all have a slight dip toward the south- 
west the gas in the southern part of the region is drawn from rock 
strata which are higher in the geological series than those yielding 
the gas in Northern Pennsylvania and New York State. If any 
attem])t at a generalization may be made with the few data at 
disposal, it appears, therefore, that the deeper strata yield in gen- 
eral a gas of higher specific gravity and illuminating power. 

Analytical data covering a greater area of gas-producing terri- 
tory ma}' in the future throw important light upon the interesting 
question of the origin of gas and oil. The theory which traces 
both to the sea-weeds of the ancient Devonian sea, which once cov- 
ered Western Pennsylvania, has been very generally popular. Ex- 
halations of combustible gas have been frequently met with in 
other countries, although nowhere in quantity comparable with 
the prodigious outflow from the gas wells of Western Pennsyl- 
vania. 

In the district Tsien-Luon-Tsing, in China, gas is obtained in 
large quantity from salt-well borings, and is used in boiling down 
the brine, and also for illuminating and heating purposes. {Comptes 
Iien(7ufi, Vol. XII., page 667.) Some of these borings are 
3,000 feet deep, and penetrate carboniferous strata, yielding gas 
under great pi-essure. Many openings have been made with the 
special view to utilizing the gas. 

The escape of gas bubbles, which readily take fire and bum, is 
a common occurrence in strongly saline mineml springs. In the 
salt mines at Slatiiia, in Hungary, natural gas escaping from fissures 
has been utilized for illuminating the mines. This is an unusual 
instance in which the active component of the terrible enemy of the 
mines — fire-damp — has been made into a useful servant. Consid- 
erable volumes of combustible gas frequently issue from fissures in 
the well-known '* mud-lumps," which form at the mouth of the 
Mississippi. 

II. Wells drilled for natural gas, outside of the oil regions, are 
of recent date, with a few exceptions. The wells of New Onm- 
berland, W. Ya., have supplied gas for more than twenty years for 
the manufacture of bricks. The East Liverpool wells have been 
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burning twenty-five years, and are still productive. At Beaver 
Falls, natural gas has been used for six years in a cutlery works, 
but lately the gas has failed, presumably on account of the wells 
becoming filled up with either paraffin wax in the pores of the 
rock, or with an incrustation of salts of lime and magnesia, as it is 
said they liave never, been cleaned out since they were drilled. At 
Erie so many wells have been drilled to the strata of gas rock that 
it has become partially exhausted. In the oil regions a gas well 
was looked on rather as a curse than a blessing, and, as most 
of the wells produce gas as well as oil, and so many were drilled 
to the same sand or rock, it soon exliausted the supply. 

Our city has the advantage of being able to tap three or four 
prolific gas belts or fields. The Butler County field, which sup- 
plies Spang, Chalfant & Co. ; the Bull Creek, or Tarentum field, 
which struck gas at 1,147 feet depth, and supplies the Pittsburgh 
Plate Glass Company, Pennsylvania Salt Manufacturing Company, 
and will supply Richards & Hartly's and Chalinor & Taylor's new 
glass houses, and Godfrey & Clark's new paper mill. The Mur- 
raysville, or Turtle Creek and Lyons' Run field, which tapped the 
gas at 1,337 feet depth, and supplies the gas for the Acme Gas 
Company, used by the Edgar Thompson Steel Works ; the Fuel 
Gas Company, who furnish the gas to the several mills and glass 
houses on the South Side ; the Penn Fuel Company, who furnish 
the Union Iron Mills, Park Brother & Co. Limited, Wilson, Walk- 
er & Co., Hussey, Howe & Co., Shoenberger & Co., and many 
other works in the same neighborhood on the Alleghany River. 
The belt or field in Washington County is the one in which the cele- 
brated McGuigan well is, the gas from which is being piped to the 
South Side. No doubt other prolific fields will be found to produce 
gas in the near future. 

We have records of depths of diiferent wells in different districts 
which we thought not best to include in this report. 

If small wells are struck on the same belt as large ones, and 
are not sufficiently productive to be utilized, they should be plugged, 
as they drain the belt to no purpose. The more durable wells tap 
the gas-prod uctivo strata generally at a greater depth than one 
thousand feet. 

It is a common opinion among those versed in the management 
of gas wells that the outflow is subject to a gradual diminution 
tending ultimately to total extinction. Evidence of this is to be 
found in all parts of the gas territory, where gas wells have been 
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long in use. In nianv localities, however, there is reason to think 
that the gradual falling off of the supply of a well is due to the 
choking up of the pipe hy a deposit of salt or paraffin, rather than 
to the failure of the original source. This is notably the case with 
the Freeport gas wells. 

The following historical facts in regard to the wells drilled by 
Spang, Cluilfant & Co. are of interest in this connection: 

Xo. 1. lias been in use nine years, and is still a good well. 

No. 2. Four yeai^s in use, still blowing, though with dimin- 
ished,f orce. Its location is three miles distant from any other gas belt. 

No. 3. Yield insignificant. 

No. 4. Pressnre diminished from li^ to in one week. 

No. 5. Failed after four years' nse. 

No. 6. In use six years, gradually failing. 

No. 7. Failed after five years' use. 

No. 8. Good yet ; drilled in 1883. 

No. 9. Dry hole on Anderson farm ; struck quicksand at depth 
of over 1,100 feet 

No. 10. Was a small well. 

No. 11. A good well ; gas struck within the past few days. 

These wells being all in Butler County, their partial failure may 
be due to close contiij^uitv to the numerous oil wells of that dis- 
trict by w-hich they have been drained. 

These wells have been supplying the mills of Spang, Chalfant & 
Co. some years with varying success, being able to supply the en- 
tire plant at times, and then as the wells failed, and before others 
could be drilled, the gas supply was sometimes insufficient, and it 
was therefore cither necessary to stop i)art of the machinery, or re- 
turn to the use of coal. 

III. The number of companies chartered to supply natural gas 
in Pennsylvania up to Feb. 5, 18S4, was 150, representing a capital 
stock of s2,lG0,5S0, Since that date, a large number of new char- 
ters have been granted. 

IV. Natural gas, next to hydrogen, is the most powerful of the 
gaseous fueLs, and if properly applied, one of the most economical, 
as very nearly its theoretical heating powder can be utilized in evap- 
oratiuic water. 

It is used for almost all the purposes to which coal is applied, 
with one notable exception, viz. : for smelting ores in blast furnaces, 
and it is our belief that at no distant day it will be used for tliis, 
but not in the present style of furnace. 
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Being so free from all deleterious elements, notably sulphur, it 
makes better iron, steel and glass than coal fuel. It makes steam 
more regularly, as there is no opening of doors, and no blank spaces 
are left on the grate-bars to let cold air in, and when properly 
arranged, regulates the steam pressure, leaving the man in charge 
nothing to do but to look after the water; and even that regulation 
could be accomplislied by the gas if one cared to trust to such a 
volatile water tender. Boilers will last longer, and there will be 
fewer explosions from unequal expansion and contraction, due to 
cold draughts of air being let in on hot plates. 

Gas engines of large size can be built to be driven by natural 
gas, as in the case of the Otto and other styles. 

For domestic purposes a beautiful lire can be made, dust, ashes 
and coal carriage avoided ; smoke, and the smoked ceilings and 
walls of Pittsburgh may become things of the past, yet if sold at 
prices now charged, i. e,^ 50 cents per thousand cubic feet, it is much 
more costly than coal, especially if used in grates and stoves con- 
structed for coal. The invention of burners for its more economi- 
cal consumption in stoves must follow its general introduction. 

As the introduction of natural gas has been of such recent date 
in this citv, most of its users consume it in such a crude manner 
that they fail to get its best results, the difficulty being the expense 
of making the necessary changes in the burning. There is, how- 
ever, one notable exception among the large consumers, namely, the 
Union Iron Mills of Messrs. Carnegie Bros. & Co., where it is be- 
ing used with economy in Siemens' regenerative furnaces. 

An experiment was made to ascertain the value of gas as a fuel 
in comparison with coal in generating steam, using a tubular boiler 
of 42 inches diameter, 10 feet long, with 4-inch tubes. It was first 
fired with selected Youghiogheny coal, broken to about 4-inch 
cubes, and the furnace was charged in a manner to obtain the best 
results possible with the stack which was attached to the boiler, 
^ine ])oun(]s of water evaporated to the pound of coal consumed 
was the best result obtained. The water was measured by two me- 
ters, one on the suction, the other on the discharge. The water 
was fed into a heater at a temperature of from G0° to 62°. The 
heater was placed in the flue leading from the boiler to the stack in 
both gas and coal experiments. In making the calculations the 
standard 7(3-ponnd bushel of the Pittsburgh district was used ; 684 
pounds of water was evaporated per bushel, which was 60.90 per 
cent, of the theoretical value of the coal. When gas was burned 
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under the same boiler, but with a different furnace, and taking a 
pound of gas to be 23.5 cubic feet, the amount of water evaporated 
was found to be 20.31 pounds, or 83.40 of the theoretical heat units 
were utilized. The ste^m was under the atmospheric pressure, there 
being a large enough opening to prevent any back pressure ; the com- 
bustion of both gas and coal was not hurried. It was found that the 
lower row of tubes could be plugged and the same amount of water 
could be evaporated with the coal, but with gas, by closing all the tubes 
on end next to stack, except enough to get rid of the products of 
combustion, when the pressure on walls of furnace was three ounces 
and the fire forced to its best, it was found that very nearly the same 
results could be obtained. Hence it was concluded that the most 
of the work was done on the shell of the boiler. Another experi- 
ment was made with the tubes plugged entirely, and a very small 
opening leading to stack, and with an increased pressure on the 
furnace and of course a different style of burner; the results were 
nearly the same ; but the rivets and seams began to suffer, although 
only the same amount of gas was burned, but not in the same time. 
The gas required much more air to accomplish complete combustion 
per pound of fuel than coal. One singular fact was noticed, that 
is, when the products of combustion showed the smallest amount 
of carbonic oxide, the best results were not obtained. This 
was probabl}^ due to the fact that the increased heat, due to the 
burning of the carbonic oxide to carbonic acid, did not compensate 
for the loss occasioned by the amount of air that had to be let in to 
burn it, and which air had to be heated to about 1500°. As the air, 
gas and water were all accurately measured, the results were consid- 
ered very nearly correct. Analyses of the gas in the escaping pro- 
ducts of combustion were made quite often, only carbonic oxide and 
carbonic acid being determined. 

Xatural gas is being extensively used in heating boilers ; in most 
cases by introducing a gas pipe with a row of small holes on its 
side, the fire space being closed up partly to check excessive draught. 

No other data as to evaporative power are at the disposal of the 
committee, but it is apparent that in none of the boilers seen by us 
is the method of heating to be regarded as economical. A portion 
of gas taken from the flue of a 42 4' two-flue boiler consuming 

natural gas was found to contain nitrogen, 85.88, carbonic acid 6.16, 
and oxygen 7.96, showing that a great excess of air was passing up 
the chimney, notwithstanding that in this instance more than usual 
care was taken in the regulation of the draught. 
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So long as meters are not employed in measuring the volume of 
gas consumed in manufacturing establishments, it is scarcely prob- 
able that owners will study economy in its use ; but with an in- 
creased demand for natural gas, particularly when its superior heat- 
ing qualities and low price as compared with coal are understood, 
the officials of the supplying companies will doubtless take such 
action as will prevent the reckless waste of this valuable natural 
product. If, for instance, as it might be shown by cheap contriv- 
ances, easily applied, a factory could be better supplied with only 
one third the present consumption of gas, the owners would cer- 
tainly deem it no hardship if a meter was placed at their establish- 
ment, provided rates were not increased. In fact, it is most prob- 
able that a perfect system of supply will reach many more 
consumers, and with rates much lower than have heretofore been 
charged. At present the want of method by the companies for- 
bids as rapid a development of the gas supply as the public wants 
really require. Heretofore it seems that contracts have been made 
to supply the gas at rates only a trifle less than the cost of coal, 
but in the haste to declare dividends the companies seem to forget 
that by permitting its reckless waste by a few large consumers, 
they are crippling a resource which would yield better financial 
results through a more general distribution at more reasonable rates. 

ILLUMINATING POWER. 

V. The composition of the gas now being brought to Pittsburgh 
renders it improbable that it will compete with coal gas as an illu- 
minant, until some specially suitable form of burner has been con- 
trived. Pure marsh gas yields about one half the light produced 
by coal gas. 

Experiments made with a view to charging natural gas with the 
vapor of heavy hydrocarbons, have thus far been unsuccessful, the 
mixture thus far tending to separate in the gas-holder into layers 
of different composition. 

USES. 

YI. It has been attempted to apply natural gas to the conversion 
of iron into steel. 

Experiments having in view the dephosphorization of iron 
through the agency of the hydrogen of natural gas have been 
made, but thus far the results have been very unsatisfactory. Im- 
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perfectly burned jit a liigli temperature the gas deposits carbon in 
a form liaving a remarkable density. Upon this principle the 
manniaeture of electric light carbons is now becoming an extensive 
industry in tlie hands of the McTighe Electric Light Company. 

The tendency of the gas when under pressure is to absorb and 
carry off oil and grease, and leads to its being used for the cleans- 
ing of delicate fabrics. 

The powerful reducing action of the gas upon metallic oxides at 
high temperatures may lead to its application to the smelting of 
metals upon a large scale. 

The application of gas to glass making, on account of the purity 
of the fuel, has led to the production of superior glass, more rapid 
fusion is possible, and covered pots are found unnecessary. 

VII. Pipes of various sizes and strength have been 'tried and with 
different kinds of sockets or couplings. Standard weight wrought- 
iron pi])es with fine and coarse threads, tapering threads and sock- 
ets, light pipe with the Converse joint (which is a cast-iron socket 
calked with lead, the same as ordinary cast-iron water pipe). 

Lead rings have been used between the beveled ends of the pipe, 
in the regular socket. Pipes have been screwed together with fine 
threads, and the sockets calked with coi)per wire. Cast-iron gas 
pipe with calked lead joints has been used at Wellsburgli, "West 
Virginia, but, on account of the high pressure of the gas, proved a 
failure, the gas leaking not only through the joints, but through 
the pores of the iron in many places. 

The tapering socket with pipe cut to match seems to have tlie 
best record. 

If standard wrought-iron pipe be used and laid in ditches below 
the frost line and care taken in laying, no allowance need be made 
for expansion, for the flow^ of gas will keep the pipes at a fairly 
even temperature of not much over 4:5° Fahr., and no trouble from 
expansion or contraction need be feared. This statement, of course, 
does not a])])ly to lines laid in cinder banks or where they are ex- 
posed to extreme changes in temperature due to proximity to fur- 
naces, etc. 

Light oil-well casing should not be used for pipe lines, because, 
first, it is only .1885 inch thick at its thickest part, and the thread 
(14 to the inch) reduces it .061 inch, leaving, therefore, only .1165 
inch thickness, which is not sufficient. Again,- some soils, and 
more especially cinder banks, will rapidly corrode such thin 
pipes. 
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The Acme Gas Corapany uses an 8-incli pipe of somewhat less 
than the standard weight, but still heavy enough to resist all ordinary 
pressure and strains. 

The Fuel Gas Company has two lines of 5| light easing, but they 
will never repeat this mistake, as they are about to lay two line» 
of standard weight pipes; all their city connections are made with 
standard weight pipes. 

The Penn Fuel Company laid one line of 5f casing, smd one line 
of 8-inch pipe. Connections to mills are made with standard pipes, 
but it is to be regretted that this company laid any casing inside the 
city limits. 

The varying requirements of a large iron works will render it 
desirable to be able at all times to control an unlimited volume of 
gas supported by high pressure. 

In private dwellings the danger from explosions due to leaks in the 
pipes would be enormously increased by a pressure much exceeding 
that of ordinary coal gas in the service mains. In the opinion of the 
committee a pressure of over 6" water pressure should be forbidden 
by law in pipes leading to dwellings. 

The importance of having the high pressure mains, as they enter 
the city suburbs, subjected to careful tests, and the mode of laying 
such pipes under municipal control, cannot be over-estimated. 

We are convinced that most scrupulous care is being bestowed 
both in the construction of pipes and valves by prominent manu- 
facturers, and in the selection of material by some of the gas com- 
panies. 

The necessity for a reduction of the pressure, which is often 75 
or 100 pounds per square inch as the gas comes from the well, to 
an amount not exceeding live inches water pressure in the street 
mains, renders the selection of regulating valves for accomplishing 
this purpose of great importance. The regulators proposed are of 
two classes: 

1. Valves. — Among the best known is the Luther valve, by which 
it is proposed to reduce the high pressure in the mains leading from 
the well to an amount suited to the purpose to which the gas is to 
be applied, and to preserve constantly this lower pressure. 

From what the committee have seen in the use of valves, we be- 
lieve we are justified in the statement that not one has yet been 
suggested which will satisfactorily answer the purpose. 

2. Tank Governor, — his is undoubtedly the best form of regu- 
lator which the committee has seen tested. It is similar in princi- 

23 
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pie to the gasometers or liolders employed at the large gas works 
in tlie country. 

EXPL08IBTLITY. 

VIII. The fact that natural gas if mixed with air will explode 
on contact witli fire, and is in effect the dreaded fire-damp of the 
coal mines, is no argument against its introduction and general use 
under due precautions. To those who understand its character, it 
is wholly unnecessary to state that the qualities which render it ex- 
plosive when mixed with excess of air are the very ones which 
render it valuable as a producer of light and heat. 

Taking the gas from Creighton Station, Western Pennsylvania, 
as approximately representing in composition the gas now being 
used in the city, the following trials were made with a view to as- 
certaining the limits of its inflammability. 

Different mixtures of measured quantities of natural gas and air 
were prepared, and also mixtures in the same proportions of coal 
gas and air. The effect was noted when a coal gas flame was 
plunged into each. From these results we concluded that in a 
room filled with air containing -jV ^^ iV g^s the danger would be one 
of explosions; above or below these limits, there would be danger 
of fire, but not of explosion. 

A natural gas charged with the higher members of the series of 
paraffin (see Table A) would flash or explode when diluted with a 
still larger proportion of air. On the other hand, if the air in a 
room contains ^ or | coal gas contact with flame would cause ex- 
plosion, while with an admixture of j^q or -^ of coal gas, there 
would be danger of fire, but not of explosion. As will be seen, as 
regards safety, there is a difference in favor of coal gas. 

As coal gas is richer in free hydrogen, the most easily inflamma- 
ble of all gases, its temperature of ignition may be assumed to be 
somewhat lower. The well-known property of coal gas of render- 
ing incandescent a mass of spongy platinum or lead is found to be 
generally wanting in natural gas. 

Accurate experiments {Bulletin de la Societe Chimique^ 1883, 
page 2, Mallard & LeChatelier) have shown that a mixture of O 
and H ignites at 552° C, while a mixture of marsh gas and O 
ignites at a temperature between 600° and 660° C. A calculation 
shows that a cubic foot of natural gas mixed with 9.2 cubic feet of 
air, and fired, will produce an expansion to 91 feet. A cubic foot 
of coal gas mixed with Q\ cubic feet of air will, on explosion, expand 
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to 73.3 cubic feet. It has been found that a flash travels in an ex- 
plosive mixture of natural gas and air at a rate considerably exceed- 
ing 18' per second in a 2" pipe. 

Natural gas brings with it from the well the minute quantities 
of heavier liquid or solid hydrocarbons, which are carried along in 
the form of vapor or spray by the force and velocity of the gas 
under high pressure, and impart to it a strong and characteristic 
smell. 

A peculiar substance resembling butter is often taken from the 
mains bringing the Miirraysville gas to the city. A specimen of 
this substance was found to contain common salt, water, small 
quantities of lime and magnesia salts, coarse sand and a consider- 
able quantity of solid paraffin all blown into a kind of light froth. 

The odor of the gas in the mains appears to be dependent upon 
these traces of condensible hydrocarbons, for if kept in a closed 
vessel for a few days, the gas becomes absolutely odorless. The 
odor will therefore in all probability diminish more and more as it 
is carried away from the wells, or from the high pressure mains. 
This may explain the contradictory statements upon this point 
which have found circulation. 

It has been found that air containing per cent, of Murraysville 
gas (fresh from the high pressure mains) has a decided odor ; this 
is also true of Freeport and Creighton gas, but the same gas after 
standing in an air-tight glasa for 24 hours had lost every trace of 
odor. Owing to their minute quantities and rapid condensation, 
these heavier hydrocarbons are not easily accounted for in an 
analysis. 

Air containing 2 per cent, of Allegheny City coal gas has been 
found to possess a decided odor. 

IX. The velocity of the gas depends largely on the amount of 
friction it has to overcome, as well as the initial pressure it has in 
coming from the well. A well which with its conducting pipes in- 
dicated pressure of 3J inches of water at the mouth, took just 4|- 
minutes for the gas to traverse the 16,000 feet of pipe, which was 
then connected on, the pressure running up to 15 pounds at the 
well, due to the increased resistance in the friction of the pipe. 
The following experiment was also tried. Gas was turned into the 
pipe with an initial pressure of 90 pounds per square inch. It took 
just 2i minutes for it to traverse the 16,000 feet of pipe. 

Katnral gas pipes should be laid without any right-angled elbows, 
or other fittings of the kind ; changed direction in the line should 
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be made by bending the pipes, and no bend should have a radius of 
less than 48 inches for a 6-inch pipe, or eight times the diameter of 
the pipe. 

Gas from a well having a pressure of 20 ounces had a velocity of 
23,400 feet per niinnte; a rubber ball was driven through three 
miles of a 5f easing pii>e in 2J minutes. 

When gas is blowing freely from the mouth of a well, the press- 
ure has not been found in any case to reach 2 pounds per square 
inch. 

Statements in regard to higher pressures than this are probably 
in error. 

The gas as it issues from the wells has a temperature of 42** to 
45° Fahr. 

At the moment of release from the well the volume no doubt 
undergoes a very considerable expansion, resulting in a lowering of 
the temperature. 

This absorption of heat due to expansion may perhaps explain 
the fact that blocks of ice are often seen to be thrown from the stand- 
pipes while the gas is burning with a powerful flame. 

The temperature has been found to be 45^ in several of the mains 
in Pittsburgh. 

X. At the time of the appointment of this committee, the promi- 
nent legal question of interest to natural gas companies was the 
definition of their rights to lay their pipes in the city streets, and 
as corollary to this, the responsibility resulting from explosions or 
other accidents due to the use or presence of the gas. But recently a 
more important question has been brought forward by the decision 
of the local court that but one natural gas company, under the law 
of 1874, is authorized to supply gas to consumers in this city. 

As the law of 1874 is so frequently referred to in the newspapers, 
it mav be useful to introduce it here for the benefit of readers who 
may not have ready access to a law library. 

LAWS OP PENNSYLVANIA. 

Act approved 29tli of April, 1874, relating to water, gas, light 
and heat companies.* 

1. Companies incorporated under the provisions of this statute 
for the supply of water to the public, or for the manufacture and 



* 1 . Act 29tb April, 1874, 84 P. L. 93. 2. Id. 

8. In Blooiufiold, etc.. Gas Light Company vs. Calkins, 62 N. Y. SM^ 
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supply of gas, or the supply of light or heat to the public by any 
other means, shall, unless otherwise provided by this act, from the 
date of the letters patent creating the same, have the powers and 
be governed, managed and controlled as follows : 
Clause 1. Gas, heat^ light — -powers of companies. 

2. Where an}'' such company shall be incorporated as a gas com- 
pany, or company for the supply of heat and light to the public, it 
shall have authority to supply with gaslight the borough, town, city 
or district where it may be located, and such persons, partnerships 
and corporations residing therein, or adjacent thereto, as may desire 
the same, at such price as may be agreed u]>on, and also to make, erect 
and maintain therein the necessary buildings, machinery and ap- 
paratus for manufacturing gas, heat or light from coal or other ma- 
terial, and distributing the same, with the right to enter upon any 
public street, lane, alley, or highway, for the purpose of laying 
down pipes, altering, inspecting and repairing the same, doing as 
little damage to said streets, lanes, alleys and highways.* 

3. And impairing the free use thereof as little as possible, and 
subject to such regulations as the councils of said borough, town, 
city, or district may adopt in regard to grades, or for the protection 
and convenience of public travel over the same. 

When the act of 1874 was passed, electric lighting was in its in- 
fancy, and it has been suggested that in deference to the promises 
of scientific men regarding its then future, that the terms of the act 
were purposely made so diffuse as to cover its possibilities — as for 
instance, " the supply of gas, or the supply of light or heat to the 
public })y any other m^ansP 

This vagueness and want of supplementing legislation is a source 
of evil in various ways, and it is the opinion of some well informed, 
that as the knowledge of electric lighting and of natural gas is now 
better understood, there is an urgent demand for additional legis* 
lation. 

There can be no doubt about the fact that the intention of the 
law-givers was to encourage both the electrician and the ^as man, 
but the wants of the two intefests are so different that only confu- 
sion and trouble will attend their affairs until their rights and priv- 
ileges are separately and distinctly defined, and this it is reasona- 
able to believe could be much more effectually accomplished by 

* 1. Thorn ps & Co., 541 ; it was held that gas pipes could not be laid under 
country highways without compensating the owners of the fee. See supra, p. 56, 
N. 2, DUlon vs. Gas Light Co.. 1 Mc Arthur, 626. 
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new legislation, than by awaiting decisions based upon such a fun- 
damentally defective law as that of 1874. 

Under the law understood by this committee, natural gas com- 
panies have the right to lay their pipes in the streets of towns and 
cities, with precisely the same privileges as coal gas companies, so 
far as such rights extend. But this does not prevent cities from 
passing laws based upon "reasonable grounds" ordaining the 
mode of laying the pipes as far as the language of the act cited 
allows, as regards grades or for the protection and convenience of 
public travel over the same. 

In regard to the question of the right of the city to restrict the gas 
companies as to pressure in, and size and strength of pipes, etc., a 
difference of opinion exists ; but under the head of " police regula- 
tions " it is believed by the committee that against any insuflSciency 
of strength in the pipes, or detective workmanship in the joints 
which might cause explosion, a city can in its charter find grounds 
for interference, and protect itself by the enforcement of appro- 
priate legislation. But from the extent to which even this appar- 
ently wise and proper proposition has been debated, it is made 
clear tliat further action is demanded by the Legislature, It does 
not, of course, comport with the character of this paper, even if 
the committee felt able to do so, to attempt to criticise the recent 
decision of the court, which is generally construed to grant one 
company, to the exclusion of all others, the privilege of supplying 
the city of Pittsburgh with natural gas. 

Natural gas had been used under the boilers of engines at wells 
in the northern oil fields before the passage of the act of 1874, and 
to some extent it had been introduced into dwellings for domestic 
consumption, but it was then considered a waste product, which 
any one could dispose of by sale or gift, as could be done with any 
natural product, such as coal, limestone, or other minerals. It sim- 
ply flows from the ground, with no process of manufacture involved 
in its formation, and no patentable form of composition, force or 
capability. It would, therefore, be strange indeed if our legislators 
intended natural gas to come within the scope of statutes governing 
the organization and specifying the privileges of manufacturing 
companies. 

If the Engineers' Society of "Western Pennsylvania were called 
upon to suggest on what points, in connection with the subject of 
natural gas, legislation was desired, tliis committee would nt)t hesi- 
tate to reeonimend for consideration as follows : 
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First — That a State Inspector of gas and artesian wells, and 
natural gas companies, be appointed by the Governor, among whose 
duties we would specify : To report to the proper authorities, after 
due notice, any waste or extravagant use of natural gas, either at 
the wells or elsewhere, and that all natural gas companies be re- 
quired to report to him the details of their operations, force and 
flow of the gas, and that all arrangements for its control at the 
wells, or in the pipes to a city or borough line, be under his gen- 
eral supervision. His oflice being compelled to keep up the 
records, and to report annually, with the aid of statistics and plans, 
the state of the natural gas supply and demand. 

Second, — That in cities or towns, companies desiring to supply 
either manufacturers or domestic consumers with natural gas, may, 
with the consent of the councils thereof, and under the direction 
of the city or borough engineer, lay their pipes through or along 
any street, lane or alley, but no city or borough to have the right 
to give any exclusive privileges to any one gas company. 

Awaiting the action of the State Legislature on the general mat- 
ters which it might be expedient for that honorable body to con- 
sider, such as we have outlined above, your committee feels that 
they ujight be considered derelict in duty if they did not advise 
and propose at least some measures which might be exercised by 
individual consumers of natural gas, tending to both security, as 
regards the dangers of fires and explosions, as well as to economy 
in its use. 

We therefore would propose for the consideration of companies 
and individuals interested, the following: 

First, — That the distributing mains for domestic consumption of 
natural gas be of size amply sufficient to conduct gas to dwellings 
with at no time or place a pressure exceeding 5^ inches (water 
pressure). This pressure can be guaranteed to be uniform, cer- 
tainly never in excess, by a properly constructed form of tank 
governor. 

Second, — Every domestic consumer of natural gas should see 
to it that an automatic cut-off valve be placed on his service 
pipe, so arranged in case the supply from the tank governor 
should from any cause fail, that his valve w^ould immediately 
close the pipe conducting to his premises, and requiring personal 
attention to restore the pressure when it again returns through the 
main. The committee believes that such automatic valves can be 
provided. 
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Third, — No cast-iron fittings, or parts of fittings of cast, or any 
coarse-grained or inferior metal, should be allowed in private 
houses. Carefully selected wrought-iron pipes, with brass or 
malleable iron fittings, should alone be adopted. The great object 
of care being to prevent the possibility of leaks. 

Fourth. — Special care should be taken to see that the street cut- 
off, or valve, is so boxed or tubed as to permit free outlet to the 
air of any gas escaping from a leaky main which may follow along 
the branch pipe from the street. The work of trenching to and 
tapping gas mains should be done when the frost is out of the 
ground, and the soil next the pipes in such trenches should be clay, 
well wetted and puddled. 

Fifth. — In the case of tires under boilers, in ranges, fire-places, 
stoves, etc., consumers of natural gas have, for the most part, 
entirely disregarded its laws of combustion in not using the jwoper 
appliances for the admixture of air to the gas jets. In many in- 
stances, even among wholesale consumers of this fuel, it can be 
demonstrated that with the use of improved mixers the same quan- 
tity of heat can be produced as is now developed, from one-third 
the volume of gas. 

Sixth, — The feed valves to fires, and all burners where natural 
gas is used in private houses, should be securely placed so far above 
the floors as to be out of the way of children and where they conid 
not be accidentally turned on. To this end valve stems with 
movable socket handles are of advantage. 

Seventh. — All gas pipes laid from service mains should be thor- 
oughly tested for leakage before being accepted as in working 
order. 

Eighth. — Where natural gas is sold either entirely or as a com- 
ponent part of illuminating gas, its candle power should be guaran- 
teed to be of a satisfactory amount. 

Respectfully submitted, 

T. P. Roberts, 

F. C. Phillips, 

A. K Hunt, 

W. S. Jarboe, 

N. M. McDowell, 

Committee on Natural Gas, 



REPORT ON NATURAL GAS FOR INDUSTRUL PURPOSES. 



357 



TABLE SHOWING THE PROPERTIES OF THE CHIEF GASEOUS ELE- 
MENTS OF NATURAL GAS AND INCLUDING SOME OF THE 
HEAVIER HYDROCARBONS. 



Paraffins. 



Marsh Gas. . 
Ethane 



Propane . 
Butane . . 



Pentane 



Hexane . . . 



Heptane . . . 



Octane. 



Composition. 



ConditioD. 



Gas, 
Gas. 
Gas. 



Gas, liquefies at 
34° Fahr. 

Liquid, boils at 
lUO" Fahr. 

Liquid, boils at 
158" Fahr. 

Liquid, boils at 
210"^ Fahr. 

Liquid, boils at 
255" Fahr. 



Per Cent. 
Hydrogen. 



I 



25.04 
20.05 
18.22 
17.28 



16.71 



16.32 



16.04 



15.83 



Per Cent. 
Carbon. 



74.96 
79.95 

81.78 
82.72 

83.29 

88.68 

83.96 

84.17 



o 
c 

9 
CO 



0.5576 
1.043 
1.522 
2.007 

2.49 

2.97 

3.46 

3.94 



c w a 



13,370 
12,469 

12,145 



a. 
Co 

t^ a 



5 S 



9.56 
16.74 
23.92 
31.10 

88.28 

45.45 

52.63 

59.80 
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TABLE SHOWING COMPARATIVE INFLAMMABILITY OF NATURAL 

GAS AND COAL GAS. 



Mixture of Natural Gas 
and Air. 




Mixture of Allegheny City 
Coal Gat» and Air. 








Effects. 




Eflfects. 


Gas. 


Air. 
4 volumes. 


Gas. 


Air. 




1 volume. 


Bums feebly. 


1 volume. 


4 volumes. 


Bums feebly. 






6 '* 


Bums slowly. 




6 ♦' 


Eocplodea. 






9 " 


Bums slawly. 




7 - 


Burns explosiyely . 






8 '* 


Bums rapidly. 




8 " 


K tC 






9 '* 


Burns explosively. 




9 ** 


t< <( 




jlO *' 

1 


Explodes. 




10 " 

• 


Burns explosively 
— less rapid. 






12 '• 


Burns somewhat 
explosively. 




12 * 


Flashes. 






13i '' 


Burns quietly. 


1 " 


13i '* 


No flash. 






15 '' 


Flashes, but flame 
dies out. 




15 " 








16 " 


Very feeble flash. 




16 " 





TABLE SHOWING COMPARATIVE EFFECTS OF DIFFERENT GAS 

FUELS. 



Hydrogen 

Water Gas (from coke) 
Blast Furnace Gas. . . . 

Carbonic Oxide 

Marsh Gas 



Heat Units Yielded by 
1 Cubic Foot. 



183.1 
153.1 
51.8 
178.3 
571.0 



Number of Cubic Feet 
Needed to Evaporate 
100 Pounds Water at 813 
deg. F. 



293 

351 

1088 

313 

93.8 
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DISCUSSION. 

President Sweet — This lias been a very interesting paper, and is 
now open to discussion. The members of both Societies are ex- 
pected to take part. 

Mr. Kent — It seems tliat the engineers of Western Pennsyl- 
vania and the Mechanical Engineers of the United States are a 
little afraid of each other to-night, since no one seems willing to 
open the discussion. When 1 was an active member of the En- 
gineers' Society of Western Pennsylvania, our then President, Mr. 
Metcalf, used always to call on me to start the debate on any sub- 
ject, as the other members were too timid. 

Mr. Metcalf, perhaps, is best capable of any of us of talking 
about gas. But I may say a few words regarding what was read in 
the paper to-night about the economy of gas in firing steam boilers. 
The consumers of gas want to know the best method of secur- 
ing economy in its use. There are a few very simple princi- 
ples according to which they should work in order to secure the 
best economy. First, secure the highest possible temperature in 
the front end of the boiler, and, secondly, secure the lowest possi- 
ble temperature in the back end of the boiler. The highest poe- 
sible temperature can be secured in the front end of the boiler by 
mixing with the gas just the amount of air needed to secure its 
perfect combustion, and no more. It may be that amount of air 
is much larger than the amount theoretically necessarj', as we find in 
burning coal that nearly double the amount of air whioh is theo- 
retically necessary to burn the coal must be passed through the 
coal in order to burn it thoroughly, and consequently there is twice 
as much air going up the chimney as there ought to be theoretically. 
It may be the same with natural gas. It will require chemical analy- 
sis to determine whether or not that is true. But in any case, 
just so much air should be supplied to the front end as will gener- 
ate the highest possible temperature. After having obtained the 
highest possible temperature in the front end of the boiler in order 
to obtain the lowest possible temperature in the back end, all that 
is necessary is to supply sufficient heating surface in the boilers. 

Some months ago I visited a place where they were using nat- 
ural gas, and was told that whereas, before the introduction of 
natural gas the number of boilers they had was rather too small, 
after they used natural gas they threw off several boilers, and got 
along with less. As the boilers they had before were all over- 
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driven, and the products of combustion were going up the chim- 
ney at too high a temperature, reasoning from the temperature 
found in the breeching of these boilers, it was natural to suppose 
tliat tliere was a great waste of fuel, and that this waste was still 
greater when natural gas was used. The high temperature in the 
furnace chamber can no doubt be best secured by burners which 
intimately mix the gas and air, and by a combustion chamber 
which is thoroughly surrounded by lire-brick, or some other non- 
conducting material, to make an intensely hot chamber. The heat 
allowable is limited only by the melting point of the fire-brick. 
I can give this rule, therefore, to consumers of natural gas: Burn 
the gas or the other fuel with the smallest possible quantity of air 
which will burn it thoroughly (although that may be more than the 
theoretical amount), and by means of fire-brick combustion cham- 
bers, or other means, heat the furnace chamber hot, and then put 
enough heating surface in the boilers to absorb the heat, and let 
the gas go ofiE at the lowest possible temperature. 

Mr, Jarhoe. — I dift'cr from Mr. Kent as to burning all the gas 
in the front part of the boiler. After a number of experiments, 
I find the most economical and the best evaporative results are 
obtained from burning the gas equally along the length of the 
shell, distributing the supply, and putting the flame against the 
boiler. In one boiler I had the gas fired sideways across the boiler. 
It gave me the very best results I had, but it was good for the 
boiler makers. It makes the rivets melt and the shell open. 

With a furnace running at the present time the boiler is fed 
with gas from a series of jets, along the whole length of the boiler, 
the flame from each and every individual jet touching the shell, with 
no combustion chamber in it. The pipe is placed about 8" from 
the boiler and the jets running up into the bed. That boiler has 
an air-tight furnace, so to speak. Instead of having a 36" stack, it 
has about a 6" opening to let the gas out. That boiler is doing 
splendidly. It has given a high result, and the result is not ob- 
tained from theory, but it is given from data taken on the spot. 
The gas is taken through two meters, of different makes; the air 
is metered in to get the proper quantity so that I can get proper 
data from that. The water was metered into the boiler also, and 
that boiler is running to-day, with jets the whole length of tlie 
boiler and no combustion chamber at all in the whole place. 

Mr, Kent — Will you state how many pounds of water were 
metered in per pound of gas ? 
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Mr, Jarboe. — 20.30 pounds. That is high. 

Mr. Kent. — What is the tlieoretical limit? 

Mr. Jarhoe. — About 27.8 pounds. 

Mr. Kent. — But I understand from the report only one third of 
the heat was utilized ? 

Mr. Jarhoe. — This boiler has a stack placed 20 odd feet from 
the boiler, and the heat from the boiler is almost nil. There is 
a piece of tin in the stack, and that piece of tin has never melted 
yet. 

That one-third business you heard of was where they had two- 
flue boilers, five in a battery, 14" flues, a 36" stack, 60' high. No 
measurement of the air mixed with the gas has ever been taken. 
The parties said they paid $3 per ton for the iron finished, and 
the engineer of the gas company had to look out for the economy 
of fuel. 

Mr. Metcalf. — 1 came here to hear something about natural gas. 
I came here a complete ignoramus, not knowing anything what- 
ever about it, and I feel very much the same way now [laughter]. 
I hardly know what we are going to talk about. Almost all of 
ns knew that natural gas was mainly marsh gas, that it had high 
caloric powers, that it did not smell and it did smell, and all that 
kind of thing [laughter]. Of course, these are all mattera that 
are important and necessary in a record of this kind. But these 
gentlemen have not told us yet anything about the value of thia 
gas. There is no comparison given between the value of this gas 
and the value of solid fuel. There is no comparison made between 
the value of this gasand the ordinary mode of burning coke, or the 
ordinary mode of burning producer gases in the system of regener- 
ative furnaces. The gas companies come along and say, " We will 
supply you with gas for your fuel bill," and of course that is such a 
nice arrangement at present that a tew have taken it up. But the 
time will very soon come when so many will want this gas that it will 
be absolutely necessary to run it at a very low pressure; it will be 
necessary to expand it in volume, *and burn it in a more reason- 
able, rational way, as we do our producer gas. 

Our friends state that the only places where the gas is utilized 
now in the Siemens furnace, are the Union Iron Mills and Black 
Diamond Steel Works. It is largely used in regenerator furnaces 
for melting open hearth steel. What security is there in utilizing 
or attempting to use this gas now, under these enormous pressures, 
when the records of the wells show that they will peter out in from 
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two or three days to a year ? I would like to know what the value 
of this gas is, and how it can be used without pressure — what it is 
worth in money per thousand cubic feet. I w-ill state to the com- 
mittee what coal fuel is worth in the regenerative gas furnaces, and 
then, if they will give us an idea of the value of this fuel, when we 
come to dicker with these gas companies we will be able to talk in- 
telligently to them. We are now puddling iron with common slack 
with .75 pound of coal to a pound of muck iron — three-quarters of 
a pound of common slack to a pound of muck iron. That is done 
every day, all the year through. We also melt steel in the cruci- 
bles with one pound of slack to a pound of steel. These are figures 
we can very easily get at. Now, how much can we pay for a thou- 
sand feet of gas to justify us in throwing away these enormously 
expensive furnaces, or in readapting our plant to the use of natural 
gas? 

With all due respect to the committee, if they had told us more 
about this and less about the law, I would have felt better in- 
formed. 

Mr. Roberts, — It occurs to me that I recollect the very first paper 
that was read before the Society of the Engineers of Western Penn- 
sylvania. It was dedicated to the subject, " Why Steel Hardens." 
That paper I understood was the result of many months of labor 
and a considerable expenditure of brains, but I think the result was, 
" if any person knows any more on the question why steel hardens" 
than the autlior of that paper, he would like to hear about it. 

Now, gentlemen, steel is something which has been before the 
public for, well I do not know how long. I have heard of the 
Damascus blade and the Toledo blade, and it has been dignified as 
a metal I do not know how long. But this natural gas question is 
something entirely new. We are dealing entirely with an invisible 
fluid, and we have presented statistics about it as far as we could 
obtain them to date for the information of these two honorable 
societies. Possibly some of the members may have been asleep 
when this information was given, because this is an invisible fluid, 
and will leak through a man unless his joints are tight. It differs 
from steel. You can see something in steel when you hammer it 
out, but this gas has no odor. It is not a tangible material, and I 
think you have got to study over it very carefully to know just 
what has been said. Candidly, however, the committee recognize 
the shortcomings of their report, and they know that many further 
examinations will be required to exhaust the subject. 
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Mr, Ilunt. — I would like to make another correction. It lias 
been stated that the report s^iys that natural gas has not been suc- 
cessfully used in the making of steel. What the report actually 
did mean to say was that it had not been successfully injected into 
or otherwise used in the way that the melters call as a "medicine" 
for steel. We all know in several of the largest steel manufacto- 
ries of the city it has been successfully and well used as a fuel both 
in Siemens gas and other forms of furnaces, and we have so stated 
in the report. 

Mr. Jarhoe. — The only experiment I know of where the value of 
gas and coal has been compared is in the shape of the comparative 
test of fuels. We took coal, Pittsburgh selected lump coal, at five 
cents per bushel, and used the gas with the best arrangement of 
burners. I found the gas was 7.8 cents per thousand cubic feet. 
That is by actual measurement, burning it as well as we could bum 
it, with the smallest trace of carbonic oxide. That was in the same 
furnace I mentioned. The air is mixed with the gas outside of the 
furnace and injected into it, and no other air can possibly get in. 

Mr. Reese, — I would like to say that Mr. Beale, of Leechburgh, 
has been using natural gas in his open hearth furnace for making 
open hearth steel for some time. lie has discovered an incident 
connected with the use of natural gas that has not been mentioned, 
and I will take the opportunity of mentioning it. Natural gas, as 
our friend has said, is a new thing. Tlie committee has informed 
us that its specific gravity difters from that of air about one half; — 
probably the specific gravity of the Leechburgh gas is .58 or .60. 
Now, it has been discovered that, to get the best results, these two 
gaseous elements should be brought together at the same velocity. 
When the specific gravity varies, the velocity will vary, and it has 
been found, where the experiments were made, that if the gas and 
the air were sent thi'ough the regenerators together, that they had 
nothing like the most economic or the best calorific result, nor as 
good results as when the air was sent through the regenerators, and 
the gas was put in cold. The gas being so much lighter its velocity 
was greater, and being put in at a high pressure, the two came to- 
gether in such a way tliat it was impossible to secure perfect com- 
bustion. You know that when you consume anything there is a 
relative velocity of combustion. Now, to secure this relative veloc- 
ity and economic combustion, it is necessary that the air and the 
gas be admitted at the same velocity. This could not be secured 
by passing both the gas and the air through the regenerators, as the 
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gas was so light that it moved with greater rapidity than air. So 
that it was foimd necessary to heat the air alone in order to reduce 
its specific gravity to about that of the gas, if the latter was about 
.60. And by thus uniting the hot air with tlie cold gas, the rela- 
tive velocity and perfect combustion was secured. 

A friend from abroad has asked me something about the con- 
tinuity of the gas — whether it will last. I go down to Beaver 
County occasionally, and down at the mouth of Raccoon Creek, three 
miles below Phillipsburg, on the south side, there is a salt well, and 
they have a pipe coming up from the salt well and running into a big 
hogshead or tank. The gas squirts the salt water up, and the gas 
and water are separated here, and the old fellow who runs the well 
just sits down on his dignity and lets it boil. [Laughter.] I 
asked him the question, "How long will this thing last?" He 
said he did not know; he has been letting it boil for 21 years now, 
and it may boil 21 years more, but he thought he would not live 
tliat long. [Laughter]. 

This is 1884. I think it was in 1860 that I went up with another 
party, and bought a large tract of land of 2,000 acres in Venango 
and Clarion counties, and we were going to bore right away 
for oil. But as soon as w^e located and paid for the ground there 
was another party went in and bought alongside of us, and we 
thought that probably they would want to bore too, and so we 
would let tliem bore first. We did let them bore [laughter], and 
they struck gas. A lot of us from Pittsburgh — John Scott, Presi- 
dent of the Allegheny Yalley Road, was one of us — went up there, 
and by that time they had five wells, and were getting some oil 
and a good deal of gas, one well altogether gas and the others con- 
siderable oil. Some of us suggested that they had better turn the 
gas under the boilers, and they did so. It worked so nicely as a 
calorific power they did not see but what they might as well put it 
into the cylinders at once, and use it as a dynamic power. They 
put it directly into the cylinders, and that is the way they have run 
the machine up there, I believe, for twenty-three years. That is in 
what they call Gas City. There is more gas there to-day than there 
was at that time, and there will be more if they bore another hole, 
I guess. [Laugliter.] 

My friend Hunt, who read the paper, says he thinks that it will 

dephosphorize iron, and that it can be used in smelting, in the 

present blast furnace. Now, I do not see how 96 per cent, of 

marsh gas, with about 30 per cent, of hydrogen, can be used in a 

24 
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blast furnace. I think yon will find about 33 or 34 per cent, of 
hydrogen in the Pittsburgh natural gae. I cannot see how you can 
put an element into a blast furnace or into any apparatus to deoxo- 
dize metals that will have 30 per cent, of hydrogen. The gas re- 
sulting from the combustion of hydrogen will be water. I have 
gone all through that, you know. I took out some patents on that. 
[Laughter.] If you will look in 1866 and 1867, you will find 
about forty claims there on the use of hydrocarbon vapor. I went 
up there and saw it, and I thought it was a big thing, and I patented 
it. [Laughter.] I built an apparatus that cost me over $10,000, 
and tried dephosphorizing with this gas, and I did dephosphorize 
occasionally, and sometimes I did not. [Liughter.] 

Mr. Jarhoe, — In regard to Mr. Beale's furnace, in the first place, 
if this marsh gas is passed through regenerators, the gas is decom- 
posed, the carbon is deposited on the checker bricks, and the hydro- 
gen is set free and takes the shortest and quickest road to the chim- 
ney before its heating properties are extracted. 

Secondly, this gas requires much more air than carbonic oxide, 
and the air checker-work in regenerative furnaces is not large 
enough. The proof of this was seen at Carnegie's mill, there they 
tried to use the gas, admitting air only through one set of chambers 
— the air regenerators. It was not successful ; but after closing the 
valve from the producer, and with an outside opening, letting the 
air pass through the gas checker-work as well as the original air re- 
generators, good results were obtained. 

Mr. Joiies, — I think there is a mistake in this report. I think 
they should have embodied in the report a few instructions how to 
use the gas. In giving an account of introducing the gas at an 
establishment on the south side, the newspaper reporters put it in 
about this shape : " The foreman of the works turned tlie gas into 
the furnace. He then lit a long pole, and lit the gas, and then he 
lit out himself." [Laughter.] I think it would be well to embody 
in the report instructions to get the fire started before you put the 
gas on. 

Another question is suggested by Mr. Itfetcalf's inquiring into the 
commercial value of the gas. If Mr. Metcalf had been working, 
like myself, among eighty-two coal heavers, one half of whom be- 
longed to the Amalgamated Association, and the other half to the 
Knights of Labor, each striving to show how much better labor 
agitators they were tlian the other gang, he would appreciate the 
value of the gas. In fact, whenever I approached the boiler house 
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I felt as if I was going into the walls of a penitentiary. Every one 
looked at me as mnch as to say, " Have you got permission to come 
in here?" Ever since I used natural gas' and got rid of those 
eighty-two coal heavers I felt like saying, '* God bless the discoverer 
of natural gas." 

In regard to the use of it, I can say there is very little diflBculty 
in using it. I tliink probably the greatest diflBculty in using it is 
to get a suflScient quantity of air for combustion. That is one thing 
I would lay down as a rule. See that you get plenty of air. There 
seems to be the greatest diflSculty in getting a sufficient quantity of 
air for proper combustion. 

Mr, Durfee, — If, as has been said, this natural gas is delivered 
at the mills under a pressure of from 60 to 70 pounds, it is quite 
possible to use it in the cylinders of the engines as a motive power ; 
and the exhaust gas can be turned into a storage reservoir, or used 
directly for heating. By such a method the greatest possible econ- 
omy in the use of the gas can be obtained : — first, using its pres- 
sure as a motive power; and then using the exhaust gas as a 
source of heat. 

Mr. Jones, — The statement of the last speaker about using the 
gas first as a motive power and then as a source of heat should not 
go forth unmodified as the sense of this society. We have an eight- 
inch pipe at our steel works which is heating all the steam for prob- 
ably 4,000 horse-power every 24 hours, and doing the heating for 
600 tons of rails. In other words, an eight-inch pipe will repre- 
sent somewhere about 400 tons of coal consumed every 24 hours at 
our works. The eight-inch pipe carrying gas to act by pressure will 
only drive one of our ordinary engines, while the eight-inch pipe 
will supply enough gas at 65 pounds pressure, to be equivalent to 
800 tons of coal. So that the use of the gas as a motive power, I 
think, is out of the question. I think the most economical way is to 
use it in generating steam. 

Mr. Painter. — Mr. Chairman, I came here for facts. ^ In a few 
weeks I expect to use a McKean well, and I want to know how to 
use it. We have got to get something cheap. I have seen every 
gas furnace in the city, and they are all expensive with one ex- 
ception. I want to have something by which I can change my 
furnace at a cost not to exceed four or five thousand dollars. 

Mr. Jones, — I think the statement should go forth that the Sie- 
mens furnace is well adapted to the use of natural gas, requiring 
very little expense. Those who have seen the furnaces say they can 
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change them with comparatively little expense. I have not a par- 
ticle of doubt that Mr. Painter will find that the principle of using 
regenerators in some shape or form is the true one. It is very 
essential to get the temperature in the rear as high as possible. 
That adds to the economy of combustion, and is one of the main 
questions ; another, and as I before stated, is to get plenty of air 
into the furnaces. 

Mi\ Painter. — Thej'^ have checker-work in the furnaces at Car- 
negie Bros., and they have a reversible valve. At one time they 
had the valve at the very end of the furnace. They found that did 
not work very well. Then they put the chambers underneath, 
which made it so hot a man could not stand there. But now they 
have put the valve up next to the stack. I put my hand there 
when a man was working on the stack, and there was no heat there 
at all. He took me in and showed me his figures. It had cost 
S470 to change the furnace. Now, that is not what ie true econo- 
my. We do not want that. I acknowledge, from what little ex- 
perience I had with it, that you have got to heat your air to bum 
your gas. 

Mr, Jones. — Not necessarily, but to get the best economy. 

Mr. Painter. — I intend to use 60 pounds pressure. 

Mr, Rfiberts. — I will call Mr. Jones' attention to that table at 
the end of the report, w^hich gives the result of different mixtures 
of natural gas with certain volumes of air. He might get some in- 
formation from it. 

Mr, Metcalf, — Mr. President, the question of the first cost 
amounts to very little in changing from one system to another, 
provided you get good results in the end. I know of a very small 
concern that spent not less than §75,000 in throwing away old- 
fashioned furnaces and putting in gas regenerative furnaces, and 
have got it all back every two or three years since. That is the 
proper way to look at it. 

I think Mr. Jones misunderstood Mr. Durfee in regard to utiliz- 
ing this gas for motive power. The gentleman suggested the use 
of the gas in the steam cylinder and the use of the waste gas for 
heating. I know that he was right, because it certainly is not right 
to try and burn this gas under an enormous pressure. I cannot 
see wliy it is, when you want five volumes of air to one of gas, at 
the very least. If the gas pipe ever conies to our place, the first 
thing I sliall devote my attention to will be to get rid of the pres- 
sure before I try to burn that gas economically. 
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In regard to tlie committee, I will say I knew very well what 
was coming. I told yon to-night that if you heard Mr. Roberts, 
you would be reminded of his great ancestor; but I think that all 
will agree that that stirring up was what was needed. Every one 
of the committee was bursting with infonnation, and we wanted to 
get it. 

Mr. Jones, — I think Mr. Metcalf misunderstood me. What I 
wanted to say is this: that we have an eight-inch pipe supply- 
ing us with gas for heating and steaming, which' is saving us at 
least 400 tons of fuel a day. That eight-inch pipe would not run 
our rail mill alone. I say that an eight-inch pipe would be equiv- 
alent to the consumption of 800 tons of coal.* I think that the true 
economy would be to use your steam engines, and generate steam 
by means of natural gas, instead of using the natural gas as a mo- 
tive power. 

Mr, Henning, — I would like to ask Mr. Jones, if the pressure in 
his main is just sufficient to deliver the gas to his boilers ? Would 
not another engine be required to force the gas there, if the pres- 
sure was used to do other work ? In the gas main there must be 
sufficient pressure to deliver the number of cul)ic feet of gas re- 
quired, in order to supply enough to the furnaces. If you absorbed 
pressure by doing work with it, would you not require some driv- 
ing power back of it to supply sufficient gas to heat the boilers? 
The pressure in the main is the driving power necessary to be 
able to utilize the gas as a fuel in ample quantity. 

Mi\ Jones. — The only practical view of the matter will be this. 
Suppose we take an engine representing 800 horse-power. Jn the 
first place, an eight-inch pipe was not sufficient to run the engine ; 
we find it takes a ten-inch pipe at 70 pounds to run the engine. 
It is hardly fair to suppose that an eight-inch gas pipe with 60 
pounds pressure will do the work. It enters, I think, largely into 
the question of the first cost. 

Mr, Strong, — I would like to ask if the ejector principle has 
been used to feed the air into the furnace ? 

Mr, Jones. — It is a generally settled fact that its use is possible, 
and I think it is just as good as any. The Rector principle can be 
used to inject the necessary amount of air in, which can be fairly 
regulated, but for heating purpose, furnaces, etc., it is also a pretty 
well settled conclusion that it is necessary to come down by using 
the regulators to a gas pressure of two and a half pounds. The 
members of this Society will have full opportunity to see the gas 
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working in all shapes and forms, and Iliave not a particle of hesita- 
tion in saj'ing that the mechanical genius of Allegheny County will 
soon have he matter tested in every way, shape and form, for the 
gas can he used in almost every furnace that is now built — ^jnst the 
ordinary drauglit furnaces that are generally used here in Pitt*- 
burgli. Just put a blower in them and blow your air in. You can 
find plenty of blowers around Pittsburgh. [Laughter.] 

M/\ Jarhoe, — About tliis injecting principle — ^I have an analjais 
of chimney gases: of 24 or 20 (I think) different boilers being 
used with injectors, and have an analysis of several need with a 
blower to put the air in. The analyses show less waste by a large 
majority with a blower putting the air in, and there is also a great 
deal less gas burned and a great deal more steam made by the 
same style of boilers. It is a very difficult thing to get an injector 
that will work under a variation of a few inches of pressure. 

I have made a number of experiments with different injeetors 
and different blowers, and in no case have I found an injector that 
will do satisfactory work. I have a little furnace, a litde bit of t 
baby, that is burning with flameless combustion, by nsing gas with 
blast. That little furnace will melt down Benzet brick, and itia 
heating rivets. Major Munroe will tell you there that very iewd 
those rivets have been oxydized. 

My idea of a furnace is to put a blast on it, when you can get 
it. You have perfect control of your air. Ton have perfect 
control of your gas valves, and you can mix the two just afi yoa 
please. 

3Ir. Jones. — What pressure have you made it I 

Mr. Jarhoe. — I have tested it by inches up to 20 inches, then by 
ounces up to two pounds, and then by pounds up to 175 pounds 
pressure, every pound from two pounds up. Semember, gentle* 
men, I used a gas-holder. I metered the gas that went in, and then 
I metered the resulting gas in the gas-liolder, sol should know ex- 
actly what proportion I had. I never found an injector yet diat 
mixed it right. 

J/>*. Reese. — ^Whila I agree that the greatest diificnlty to be en- 
countered is in getting enongh fresh air to mix with the gas in nm^ 
I only want to say one thing. In conversation with some stock- 
holders of the Citizens' Passenger Kailway the other day, it wis 
stated that some parties had struck a very large gas well not ftf 
away, and they were considering the feasibility of bringing it in 
to drive their road by cable, that is, to drive the machineiybj 
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wliicli the cable would be operated by the gas as a motive power, 
and selling their excess jbr heating and light. 

Mr. Towne. — Mr. President, it seems to me that the point 
just touched upon can be stated in this way : That the gas flowing 
through these mains has two kinds of potentiality ; one dynamic, 
and the other clieraical, and that it has heretofore been used only 
in its chemical capacity, and certainly, if there is the flow that an 
eight-inch pipe will give, with a pressure of G5 pounds to the inch, 
those of us who do not live in Pittsburgh would think that it is 
worth saving, and that if it can be utilized dynamically, without 
at all impairing the efficiency of it afterward as a combustible gas, 
it would be worth doing. That, I take it, is the point or sugges- 
tion that was n)ade by Mr. Durfee. 

Mr. Jarhoe. — I will answer this point. Sometimes this gas we 
talk so much about is a minus quantity. Shoenberger & Co., and 
Ilussey, IIowc & Co., had to shut down to-day on account of not 
having gas enough, so it is a miims quantity. At the wells the 
])res8ure8 rise up very high. You take a well flowing with a pres- 
sure of 175 pounds to the square inch per minute, and that pres- 
sure wmII be reduced down to 105 pounds by friction in the pipe, 
and by the time you get it way down town it is not worth much. 
It is used in the oil country largely where they put it into the 
engines, but this gas brings up with it so much sand that it is very 
hard on the engines. 

Mr, Iiol>erUt, — The question before tlie public in Pittsburgh turns 
a good deal upon the domestic consumption of natural gas, and the 
various means looking to the safety in use of this new fuel. It 
has been in use for a number of years, as stated in the report, in 
smaller villages, but when it comes to introducing it over a large 
city like Pittsburgh it is a diflerent matter. People do not know 
all the conditions of pressure, etc., etc., and it will be of importance 
to the companies to post consumers as to the way to handle it in 
such a community as this, and it is looking toward that point, that 
we illustrated here so particularly the forms of tank governors 
to hold this pressure down to the minimum of safety ; it was sug- 
gested during our examination, that these are questions the public 
take more interest in than its utility for manufacturing purposes. 

I will state for the benefit of our friends that here are 
specimens of the various forms of joints referred to in the roport. 

Mr. Jarhoe. — (Exhibiting the various styles of joints.) Here is 
a light casing or light wrought-iron pipe, and here is heavy pipe, 
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28 pounds to the foot, 8-incli pipe. Here is 6-ineh heavy and here 
6-incli light casing with taper joint of the; National Tube Works. 
Here is one witli taper thread and taper socket to match ; here is 
an ordinary straight socket joint, a Converse lock joint; that light 
pipe is put together with the lead being poured in here, juBt the 
same as cast-iron pipe. That is the one that has been need in Oil 
City. 

Here is a little joint that is made with ordinary standard pipe 
and standard thread. The ends of the pipe are beveled. One end 
has a lead rim put in, and the other end of the pipe is put in here 
and screwed together. They force the lead into the thread and 
into the thread of the socket and also between the two ends of the 
pipe, and it makes a very good joint. Here is a taper socket. The 
socket is tapped from both ends, and the pipe is cnt to suit. I do 
not know that every person here is aware that the pipe sockets are 
tapped with a straight tap right straight throngh. The thread of 
the tap is cut at riglit angles to the face, and therefore all the threads 
are at right angles to the face of the socket. 

These samples here are used by the Fuel Gas Oo. (indicating cer- 
tain ones). The others are ordinary samples. 

Mr. Tow7\e. — On this question of pipe joints it is pertinent, I 
tliink, to say that a joint similar to one of those that has just been 
described, witli a lead ring interposed between the two abutting 
surfaces, has been found very satisfactory in joints connected with 
Emery testing machines. In that case, however, the ordinaiy 
thread is used merely to force together the abutting surfaces which 
form the joint. That is, not to form a joint on the thread, but to 
press the abutting faces together on to a lead joint, and to prevent 
tlie flowing of the lead joint into the bore of the pipe and its escape 
in that way, and the resulting formation of a ridge on the interior 
of the pipe. For this purpose one of the abutting surfaces is 
grooved, the other is left either flat or with a corresponding tongue 
which enters the groove, and a ring of lead is laid in the groove 
and the two surfaces screwed together. In that way the free sur- 
face of the lead is reduced to a very small amount, its flow other- 
wise is prevented, and a tight joint is formed. We have found 
them tight under very high pressures. 

J/?\ Jarhoe, — Did you ever take one of your pipes apart, screwed 
together with pipe joints like that, and examine it! 

Mr, Towne. — Not in that identical way, but we have made other 
joints in the same way. 
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3[r. Jarhoe, — That, sir, was tried in England a good many years 
ago, and tliey found the same trouble with it that I have found. If 
the grooves were turned in a perfectly automatic lathe, it was all 
riglit ; otiierwise, when they would face each other that way they 
would cut each other. When one was used and the other left blank, 
it jnst forced the lead right out of the pipe. To a very consider- 
able extent the English avoid that by the use of copper. 

Mr, Towne, — The most perfect way in making such a pipe coup- 
ling is to form a ring on the interior of the coupling, and to then 
make on the end of each pipe a square recess to receive the lead 
ring. The two surfaces are thus forced together, and without the 
trouble you speak of, because there is no tongue required. 

Mr, Kent, — One of the most important questions connected with 
this natural gas business which has not been fully touched on to- 
night is, what is to be the future of it? It is very important to 
gas companies, the owners of wells, and the people of Pittsburgh. 
Mr. Jarboe gave us some figures to-niglit in regard to the value of 
this gas as fuel. If I understood hinj rightly, he said that gas was 
worth 7.8 cents for a thousand cubic feet. In order, then, to make 
fuel gas economical for the manufacturers of Pittsburgh, who use 
it by the wholesale, they must reduce the price to 7.8 cents for a 
thousand cubic feet. I do not think it will be practicable to sell 
snch a valuable fuel so cheap for any great length of time, and I 
may venture the opinion, subject to revision, that the future of 
the natural gas business in Pittsburgh will be that the gas will not 
be used on the wholesale plan by the large manufacturers, but they 
will stick to the cheaper plan of using coal slack with regenerative 
furnaces. But there is a much larger future, I think, for its use for 
domestic purposes, and that it will pay to use this gas at a much 
higher price, even, possibly, fifty cents per one thousand cubic feet 
for domestic purposes. I think the gas companies will find that it 
will ])ay them better to look forward to domestic consumption than 
for wholesale consumption and its attendant waste. 

Mr. Ii(thrts, — Mr. Kent thinks exactly right. I want to give 
notice that if any of our friends desire to see the gas used in the 
best form and by a number of ingenious contrivances in a private 
house, they will find it at the residence of Mr. Howard Morton, in 
the Twenty-second Ward, Pittsburgh. After getting there they 
will have a fine view overlooking friend Jones' place, the Monon- 
gahcla River, and the most superb view in the city of Pittsburgh. 
I think it would repay those who desire to visit the place. Mr. 
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Morton requested me to mention this to the Society. He will 
pilot any gentleman who will go up. 

Mr. Jones. — This fine view he speaks of is looking away from 
Pittsburgli. 

Mr. Kent. — Mr. President, one of the things people have been 
looking for, too, in connection with this natural gas business, is the 
diminishing of the smoke of Pittsburgh. I made the prediction a 
few years ago that inside of twenty years Pittsburgh would be a 
clean city. It will be a clean city, probably, tlirough the introduc- 
tion of natural gas for domestic purposes, the introduction of the 
Siemens' regenerative furnaces for iron works, and tlie introduc- 
tion of smoke-consuming furnaces for boilers. I repeat the pre- 
diction made several years ago that Pittsburgh will yet be a com- 
paratively smokeless city. 

Prof. Wehh. — I would ask, first, what is the pressure of the gas 
when the price is 7^^ cents per one thousand cubic feet The 
second point is whetlier this gas has been used in gas engines, 
and, if so, whether the natural pressure was sufficient to do the work 
required ; and third, could not the question of pressure be regulated 
by using larger pipe ? 

Mr. Jarhoe. — Figures have been taken at five inches pressure 
and then reduced to a still lower pressure, and it is found that fhe 
gas would still be worth 7^^ cents. This question of large or 
small pipe has been figured down very fine, and in consequence 
the Fuel Gas Company are laying 8'- pipes where before they laid 
down casing. The gas engine question is answered in this way : 

The American makers of this engine will not furnish an engine 
to burn the gas, but the English makers say, send on your orders 
and we will send you engines. 

Mr. Miller. — This gas is used in another form by the Carbon 
Black Company in making ink for printing purposes. 

Mr. Painter. — I have figured this question about the cost very 
thoroughly, and I think in making iron, natural gas is not worth 
over $1.50 per ton to the finished ton of iron. That is* all it is 
worth, and perhaps less. 

Mr. Morion. — In regard to the cost of this gas for domestic 
purposes, it is my belief that for the laborer wlio cannot indulge in 
luxuries, he could afford to use it if it cost more than coah We 
have used it at our home in the Twenty-second Ward since the 
fii-st of December, and when you take into consideration the saving 
on carpets, wall paper, furniture, labor, and the magnificent satis- 
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faction it gives in every respect, you don't stop to consider tlie 
difference between its cost and that of coal. We burn it there in 
range, furnace, and grates. We get the very highest results from 
it, and the satisfaction is perfect in every respect. There is no 
fault to be found with it ; it's so clean, so prompt. Breakfast can be 
cooked by it in a wonderfully short time, and the gas is always 
ready. No stuffing of chimneys in summer. Often you want just 
a little fire wl^n it is too warm to burn coal and not warm enough 
to do without tire at all, and then this gas comes in nicely. We 
would not be without it now. 

Mr. Dempster, — I would ask the committee if they have made 
any attempts to odorize this gas for domestic purposes ? How are 
you to know where there is one part of gas to certain volumes of 
air? Have you made any experiments relative to odorizing the 
gas by which it can be detected when it is escaping? 

Mr. Roberts. — Experiments in 'odoriising this gas have been very 
unsatisfactory so far. It has been tried in a number of instances. 
It was suggested in one of the morning papers that it be 
passed through some of the Legislative bodies of the country. 
[Laughter.] 

Mr. Kirchhoff. — I would like to ask if the committee has any 
record of any actual explosions. 

Mr. Jarhoe. — Yes, sir. I was blown about twenty feet once with 
it. I had my clothes torn, and as fine a boiler setting blown down as 
you ever saw built. 

Mr. Kirchhoff. — Mining engineers are rather afraid of this marsh 
gas, and you would make their hair stand on end if you propose 
bringing it into their houses. This is the most dangerous gas of all. 

Mr. Jarhoe. — We have tested this gas in several different connec- 
tions. My explosion was due to pure carelessness, although I have 
been burned several times. My man turned on the gas and then 
lit it, whereas a fire should be built first, and then the gas turned 
on. Tlie gas has been used and can be used so that there is no 
danger in handling it. 

As to odorizing it, if you will use a very small quantity of 
bisulphide of carbon, so arranged that it can be blown into the 
pipes when the gas is moving through the pipes, it will produce an 
odor as loud as ordinary carbon oil. But you must use a very 
small quantity, as any large quantity will make it very danger- 
ous, and therefore it has been thrown aside as a kind of dan- 
gerous experiment to try. 
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Causes of Boiler Explosions IV. 143 

Chains versus Ropes in Cranes IV. 295 

Change of Annual Meeting IV.- 14 

Changes of Temperature in a Beton House IV. 402 

Charcoal, Combustibility of V. 101 

Chronograph for Engineering Purposes, W. R. Eckart III. 184 

" on Lowell Pumping Engine III. 191 

Chronoscope HI. 186 

Church, VV. L. , disc. Friction as a Factor I. 154 

** '* ** Expansion in Single and Compound Engine I. 179 

Circulars on Commission to Teat Iron and Steel IV. 81 

Clark's Rule for Counterbalancing of Engines II. 278 

Clearances in Compound Engine I. 178 

Cloud, J. W. , Helical Springs V, 178 

Clutch Couplings, Mi chanism for Manceutring, W. F. Durfee IV. 811 

Coal Beds of Pennsylvania Cla8^'ified IV. 217 

Bituminous, Evaporatioe Poicer of, W. Kent IV. 249 

per II. P. in Locomotives II. 278, 280 

Coefficients of Friction at 100" I. 88 

Coffin* s Avrragiug Instrument, J. E. Sweet II. 385 

Cold Rolling, Effect of IL 417 

Cole, J. VV., disc. Estimates for Steam Users V. 298 

Collins, C. C. , Balanced Valves IV. 268 

" „ disc. Cnines .' IV. 807 

Col. Laidley 's Communication IV. 20 

Colliery Hoisting Engines IV. 218 

Pumps rV. 220 

Combustibility of Mill Floors II. 497 

Combustion Chamber I, 274 

COMLY, G. N., Economy in Lubrication of Machinery IV. 815 

disc. Balanced Vertical Engines IV. 884 
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GENERAL INDEX 13 

Commission to Test Explosion of Boilers 11. 59 

of 1868 to Test Iron for U. S. Forts III. 87 

** to Test Iron and Steely and Other Materials, T. Egleston. . . III. 80 

Committee, Local, New York, 1883 IV. 1 

" Cleveland, 1883 IV. IftS 

*' NewYork,1883 V. 3 

" . Pittsburgh, 1884 V. 169 

* * on IloUey Memorial Report V. 15 

" Nominations, 1880 L 8 

1883 IV. 199 

1884 ^ V. 162 

Rules, 1880 L 4 

Revision of Rules IV. 15, 199 ; V. 164 

Rules for Conducting Boiler Tests V. 170 

Permanent Location III. 6 

Invitation of Foreign Members III. 6 ; V. 17 

** Tests of Iron and Steel IIL 6 

" " Experiments on Steam Boilers III. 7 

National Bureau of Information and Standards III. 19 

Horse-power of Boilers III. 20 

Gauges and Standards, Report of IV. 21 

Standard Gauges III. 14 

** Te^«t Commission, Report of IV. 29 ; V. 9 

Standing, Appointed 1880 L * 6 

Communication from Col. Laidley IV. 20 

" on Uniform Standards for Test Specimens V. 164 

Comparator, Pratt & Whitney Co IL 80 ; IIL 122 

Comparison htttceen different Types of Etigines, C. A. Hague II. 287 

of Standard Inches III. 125 

" Three Modern Types of Indicators, G. H. Barms V. 810 

Johnson's and Meigs* Results IV. 250 

' * Vertical and Horizontal Engines. IV. 386 

Compound Engines, Economy and Cost of I. 187 

Clearances in L 178 

Uniform Rotation in L 174 

Uniform Propulsive Energy of I. 180 

Coal per H. P. in L 188 

Propeller IV. 213 

Cost of I. 1 82 

Engine, Brass Tubes for Beheater IL 113 

" * * High Ratios of Expansion in I. 55 

Governor in L 179 

and Single, Econt)my of L 22 

Receiver of L 178 

Wire-drawing in L 174 

Pumping at Toronto L 179 

Compress, Cotton, Fiiiluro of III. 106 

Compn ssed Air by Windmills IIL 806 

Steel IV. 79 

Compression as d Mtthodof Ooveming, H. Tabor V. 48 

ill Steam Cylinder IL 841 
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14 GENERAL INDEX. 

C«»mpnted Specific Ileat of Platinum III. 181 

Condensation in Steam Jackets I. 172 

" Ijong Steam Pii)es V. 106 

Condensing Engine, Cost of 11. 286 

Conditions of Equal Work in Worthington Engines III. 151 

Ctinstitiition of U. S. Cnmniisvion for Testing Materials III. 99 

Construction of an Effirieucy Diagram III. 271 

" Mill Floors' 11.491 

Contiu noun Rtpd Mill of Trenton Iron Co. , W. Hewitt II. 70 

*' Lubrication wijth Grease IV. 816 

Convection of Air.. I. 88 

Coon, J. S., Tnal of Upright Boiler and Engine at Raxhfiry Pumping 

Station III. 290 

Copi>er Castings, Flux for V. 162 

Colorof V. 154 

Cored Flanges for Cast Pipe IV. 287 

CorliMS Engine, Alteration of Cross-head of C. E. Emery II. 40 

forRollTrain IL 71 

Highspeed of IL 74 

Pawtiicket L 172 

Corliss Pump-valve Springs IV. 849 

Cornis^h Pumps in Antliracite Mines IV. 221 

Corrosion of Iron by Caustic lAme III. 281 

•' *' •* Mortar III. 281 

*' MinePumps IV. 221 

Cost of Beton Construction IV. 898 

*' *' Compound Engine L 182 

Condensing Engine II. 286 

" Engine as Affecting Expansion III. 282 

Lubricant I. 117 

*' " Lubrication by Grease and Oil IV. 818 

Cotter, J., disc. Expansion in Single and Compound Engine I. 181 

*' Friction of Oils I. 118 

Screw Propulsion IL 468 

" Ago of Hteum Boilers IL 521 

Corcir, A. B., disc. Drop Press V. 61 

Couplintr for Kdistm- Porter Dynamo III. 221 

Countcrhalanr.ing of Engines, S. W. Robinson II. 248 

*' ** Locomotives in France IL 276 

(< << t< f.-. P P K^ TT Vld. 

i" " Saw-mills IL 269 

'• Vertical Engines IL 272 

COXE, E. B., at lloiley Memorial Session III. 49 

Craiw, a Poirer, W. F. Durfee V. 131 

" for Roll Trains IV. 810 

Cranes; a l^wly of Typ:s and Details, II. R. Towne IV. 288 

Classified IV. 289 

Crank, Effirimrg of the, S. W. Robinson L 22*3 

** Overlian<j:ing I. 168 

Crank-pin of S, S. Knicktrbocktr, L. Johnson I. G9 
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Crank-pin, Pressures on I. 177 

Frictionat I. 153, 287 

Crankshaft, New Method of Constructing a, J. E. Sweet IV. 231 

Cross-adjustment of Pressure- pi ate of Valves IV. 273 

Cross-head of Vertical Engine IV. 373 

Curtis, G. , Remarks <m Bern mer Ingot Cranes IV. 239 

Curve of Efficiencj for Keal Engines III. 266 

•* '* Specific Heat of Platinum III. 176 

Cushion Adjunttn^nt in Engines, S. W. Kobinson I. 255 

Cut-off, Adjustable', for MaHne Engines, H. S. Hay ward IV. 136 

Best for Differ<»nt Pressures IV. 89 

Vahes, Motion Curces of A. W. Robinson V. 34 

Cylinder ( ondensation I. 184; IV. 88 

at Different Piston Speeds III. 215 

Varies Expansion III. 286 












Dampness of a l^ton-houae IV. 408 

Dash Pot for Drop Cut-off IV. 139 

Davis' Piston Valve IV. 268 

Decomposition of Silicates by Heat HI. 232 

(ilass by Moisture IH. 32 

" Sla^s by Organic Acids HI. 235 

Defective Welds in Iron HI. 90 

Defects of Indicator Diagninis I. 189 ; IV. 183 

" in Steel Plate IV. 418 

Degree of D.E. conferred on E. D. Leavitt, Jr IV. 204 

Demi'ster, , disc. Natural Gas V. 375 

Dentox, J. E., Most Economical Point of Cut-off in Steam Engine II. 147, 281 

*' '* disc. Screw Propulsion 11. 465 

Dephosphorizing by Fluorine I. 137 

'' Natural Gas V. 865 

Dcttrmififttion of Heating Surface in Ventilating Flues, W. P. Trow- 

b.idge III. 69 

Description of Edison-Porter Steam Dynamo, T. A. Edison, C. T. Porter III. 218 

Device for PViction of Valves IV. 154 

" to Illustrate Torsion of Springs IV. 338 

Diagram of Friction of Lubricating Oils I. 76, 77 

of Oil at Different Pressures I. 82 

** ** Power for Spinning Frame ' I. 84 

Diagrams of Specific Heat II. 51, 5'3 

Differential Manometer II. 98 

Discussion of Indicator Cards of Worthington Engine HI. 135 

Disen^a*rem«'nt Area in Boilers I. 270 

Dissociation of (lases II. 54 

Distortion ot Castings in Bower-Barff Process IV. 358 

Dome Openings in Boiler Shells IV. 146, 149 

Double Knn^iiies for Collieries IV. 220 

Drrnrinf/ Office System, A, II. R. Towne V. 193 

Drawings, A New Mdhod of Keeping Mechanical, C. T. Porter H. 560 

Drifting in Iron Boiler Work IV. 145 

" ** Steel Work IV. 418 
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Drop Prens, Pressure Obtainahle by Use of, K. H. Thurston V. 58 

Drop Presses, Elliciency of V. 54 

** *• Heavy veisus Light V. 59 

Drums for Cranes IV. 396 

•* Co IJery Hoisting Engines IV. 220 

Dryness of Sti^am in Worthington Engines III. 154 

DrDLEY, C. B. , dit=c. Rolled Steel Car Wheels II. 298 

Dues, Annual, Increase of V. 17 

Dueb from Members FV. 8 

Du Faur, a. F. , Expansion of Steam and Water without Transfer of 

Heat III. 208 

disc. Elxpansion in Single and Compound Engines. ... I. 178 
** Methods for Economy of Fael in Steam Erg^nes I. 274 

DuRFEE, W. F., MechanUm far Manoeuvring Clutch Couplings IV. 311 

** *' Baltnced Verticil Engines IV. 808 

" ^ Power Crane V. 181 

•* *' disc. Non-conductors of Heat II. 86 

*' " " Economical Point of Cut-off II. 195. 199 

*' Roiled Steel Car Wheels II. 298 

Cambering Arrangements IV. 115 
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" Cranes IV. 810 



" " '* Properties of Metals and Alloys V. 147 

" Perfect Screw V. 266 

'» *' NaturalGas V. 867 

Durfee's Non-conducting Covering II. 87 

Dynamometer^ Improved Form of Balanced, S. S. & W. O. Webber. . . . IV. 227 

Early Colliery Engines IV. 218 

*' Propeller Engines IV. 212 

Economical Point of Cat-off in Steam Engines, A. R. Wolff, J. E. Den- 
ton H. 147,281 

Economy of Fuel in Steam Engines, Methods for, A. Stirling I. 265 

" Single Engine I. 22 

" Low Speed in Engines I. 22 

in Lubrication of Machinery, Methods of, Q. N. Comly IV. 815 

of Single Acting Expansion Engines, W. P. Trowbridge III. 236 

" the WindtciU as a Prime Mover, A. R. Wolff III. 299 

by Hnhdiviifion in Operating Machinery, J. L. Hornig IV. 238 
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" at Different Pressures of Steam IV. 89 

" of Variable Cut-off IV. 186 

EcKAUT, W. U. , Chronograph for Engineering Purposes III. 184 

Edison A rmature III. 219 

Edison-Porter Steam lynamo, C. T. Porter III. 218 

Edison's Quadruplex Telegraphy IV. 830 

Education, Pr gi ess in II. 440 

Effect of Thiottling Turbines by Edged Gate III. 78 

" Prolonged Stress on Iron, R. II. Thurston IV. 224 

*' Sulphur on Rustless Iron IV, 868 

Efficiency of Steam Jacket I. 175, 190 

Efficiency of the Crank, S. W. Robinson I. 231 

*' " Non conductors of Heat II. 85 
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GENERAL INDEX. 17 

Efficiency of Capital III. 253 

Perfect Ideal Steam Engine III. 257 

Turbines as affected by Form of Gate, S. Webber III. 78 

the Drop Press V. 54 

the Steam Engine IV. 89 

Ffflcienciea, The Several, of the Stfam Engine, R. H. Thurston III. 245 

Egleston, T., Appointment of U, S. Commission to Test Materials III. 80 

" " Machine for Testing Physical Properties of Metals and 

Alloys V. 140 

" disc. Regenerating Metallargic Furnaces I. 62 

•' '' Standard Screw Threads I. 129 

•' " Methods for Economy of Fuel I. 278 

** " Non-conductors of Heat II. 89 

" '' Standard Gauge System III. 129 

" '* MineralWool HI. 233 

Spruce Beams IV. 183 

Non- conducting Coverings V. Ill 

Ejector for Supplying Natural Gas V. 369 

Elasticity of Long Pump Rods III. 187 

Electric Railroads IV. 86 

*' Storage by Windmills III. 302, 307 

" Units IV. 87 

Electrical Engineering, Progress in ; II. 435 ; IV. 85 

Elutriated Powders for Grinding V. 258 

Emery, C. E. , Alteration to the Cross-liead of Corliss Engine II. 40 

Experiments icith Non-conductors of Heat II. 34 

Estimates for Steam JJsers V. 282 

disc. President's Inaugural, 1880 , I. 22 

Metric System I. 51 

Strength iu Machine Tools I. 121 

Expansion in Single and Compound Engine I. 183 

Belt Formula H. 97 

The ''Superior" IL 115 

" Most Economical Point of Cut-off II. 180 

Inclined Screw Propulsion II. 454 

Spruce Beams . IV. 134 

Steam Engine Indicator IV. 187 

Water Hammer in Steam Pipes IV. 407 

Water Meter V. 69 

Non-conducting Coverings V. 10& 

Machinery at International Exhibitions V. 122 

Helical Springs V. 191 

Drawing Office System V. 204 

Perfect Screw Problem V. 266 

Rules for Boiler Tests V. 270 

N('w York to Chicago in 17 Hours V. 305 

Indicators V. 336 

Emery, A. II. , at Holiey Memorial Session III. 65 

Endurance of Spiral Springs IV. 345 

Engine, Compound, see Compound Engine. 
Engine, Gas, see Gas Engine. 
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18 GEXERAL INDEX. 

pjiigine, Steam, see Steam Engine. 

ElnginesofS. S. "Iris" L 227 

of Long Stroke II. 76 

Steam on Water Wheel Shaft.. II. 77 

" Vertical Halanced IV. 868 

'* Foundations of He-enforced Beton for IV. 893 

" Three Cylinder I. 178 

Enginornng Design IV. 81 

Kmiy on Pvofjrexn nf Merlwnicnl Srienre, 1824-1882, F. Fraley lU. 200 

Estimates for fitemti Users, C. E. Emery V. 282 

Estimation of Expenses in a given Plant III. 275 

Kvff2}ortfttre Poicc.r of Bituminous Coals, W. Kent IV. 2419 

Exhibition}*, America n ^fachia^'ry at Intern atioitaly T. R. Pickering. ... V. 118 

Exiian-fion at Mixim urn hffirie.nry. R. H . Thurston II. 128 

" of Air and Sienm L 219 

Steam, Note on, U. II. Tiiurston II. 8S8 

and Wawr without Tran^sftr of Heat, A. F. DuFaur III. 208 

at Maximum Efficiency of Fluid and Capital. Ill, 278 

Minimum Cost for a(iiven Plant IIL 279 

in Sinffic and Compound Engines, J. C. Hoadley 1. 155 

Experimental Jfeehanirs, O. Smith II. fi5 

Experiments at Novelty Iron Works I. 184 

Expvrimmts trith Non-r, inductors of lleM. C. E. Emery II, $4 

on the Adhedon of D(Hs, S. Webber II. 225 

by Escher IV. 90 

" ypon Non-conductinfj Concrin{/s for Steam Pipes, J. M. Ord- 

way V. 73, 212 

Extension of Spiral Springs IV. 847 

Eye-barn of Stt^el IV. 411 

Test8()f IV. 412 
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Failure of Cotton Compress III. 106, 119 

Pemberton Mill HI. 25 

Fatigue of Metals V. 154 

Fkiinik. F., at llolley Memorial Session III. 48 

Ferr«H])lio>]»horus Alloy.s III. 87 

Fcrro-^ilicon Alloys IIL 88 

Fit Id of yfeehanieid Engineering, A. L. llolley I. 28 

Fire-proof ( "onstaietion II. 497; FV. 899, 401 

Fire Protection of Mills, C. J. U. Woodbury IL 801 

Fires Caused by I'ipe Coverings V. lOS 

First Ridling Mill in A merictt, W. II. Harrison ' IL 108 

Fittingn, (Uist-iron, W. J. Haldwin IV. 274 

Flange Pipe, Neir Method of Casting, J . E. Sweet IV, 287 

Flow of Metals under Drop Press V. 09 

Fluorine as Dephospliorizer I, 187 

Force to Slide a Vnlve on its Sent IV. 150 

Forgings lostt 50 per cent, in weight HI. 195 

Foiging of St(»el versus Iron. ... HI, 197 

Form ula for Leather Belts, A. F. Nagle II. 91 

• * Friction of Valves IV. lO 
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Formula for Helical Springs IV. 341 ; V. 175 

of Steam, for Engines V. 298 

Hydraulic Elevators V. 294 

Pumps V. 294 

Steam Elevators V. 295 

Heating Water. .. V. 295 

Jets V. 295 

Forney, M. N., disc. Screw Threads I. 128 

•* Economy of Fuel in the Steam Engine I. 273 

Foundations for Engines IV. 386, 395 

Fraley, F., Progress of Mechanical Science, 1824 to 1882 III. 200 

Frames for Cranes IV. 300 

French Locks V. 128 

Friction as a FaHor in Motive Power Expenses, J. E. Sweet I. 143 

Coefficients of : I. 88 

of Lubricating Oils, Measurement of C. J. H. Woodbury I. 73 

'' Drop Pre.-s V. 60, 62 

" Locomotives I. 152 

*' " Metals under Steam I. 151 

" Valves under Inelastic Fluids IV. 159 

on (rank Pin I. 153 

of Indicator V. 333 

Frischen's Multiplex Telegraphy IV. 322 

Fuel in Single Engine I. 22 

FuLLEK, L. K. , disc. Non-conductorp of Heat II. 36 

Furnace and Boiler Efficiencies III. 247 

b. St fitted for Bituminous Coals IV. 257 

Fund for Publication IV. 10 

Gases, dissociation of .* II. 54 

Gas Engines V. 345 

Gas Firing for Boilers I. 273 

Gas, Natural, as Steam Fuel V. 345, 360 

*' '* Report on, see Natural Gas. 

Gauo^e Committee, Keport IV. 21 

Gauge Sf/.sMn, Handard, G. M . Bond , III. 122 

Geared Tumping Engines II. 79 

Gill, J., disc. Metric System I. 53 

Gintl's Multiplex Telegraphy IV. 321 

Girders for Cranes IV. 300 

Glass Cylinder, Condensation iu I. 185 

Gordon, F. W., disc. Regenerating Metallurgic Furnaces I. 62 

" Efficiencv of the Crank I. 238 

Economy of Fuel in the Steam Engine I. 274 

Submarine Telegraph Work II. 358 

Governor, Wire-drawing by II. 344 

(Governor in Factory Compound Engine . : I. 179 

Gowing's Drum-testing Device V. 320 

Grant, J. J., disc. Standard Fittings IV. 286 

Economy in Lubrication IV. 317 

Spiral Springs IV. 348 

Betonas Building Material : IV. 400 
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20 GENERAL INDEX. 

Geaxt, J. J. , disc. Drop Press V. 83 

*' ** " Properties of Metals and Alloys V. 147 

Graphic Solution for efficiency of Crank I. 280 

Grai)hic Method applied in Boiler Test V. 274 

G ray's Harmonic Multiplex Telegraphy IV. 8S2 

Grease for Lubrication IV. 315 

Gkekn, H., Winding a?id Pumping Machinery of Penn IV. 217 

Grenoble Bridge V. Ill 

Grimshaw, R., disc. Rolled Steel Car-wheels 11. 298 

** " '* Water Meter V. 68 

Non-conducting Coverings V. 102 

Machinery at International Exhibitions V. 128 

Properties of Metals and Alloys V. 152 

Grinding of Screws V. 254 

Grit in Steam Chest I. 150 

Grouting under Engine Bed-plates IV. 880, 882 

Hague, C. A., Mechanical Correctness I. 289 

** *' Comparison betireen differrnt Types of Engines II. 287 

Hall, A. F., Method of Arranging and Indexing Dramngs and Patterns II. 869 

Hamilton, H., disc. Balanced Vertical Engines IV. 884 

Hand, S. A., disc. Bower- Barff Process IV. 864 

" '* Perfect Screw V. 241 

'' Indicators V. 888 

Harrison, W. H., First RoUing Mill in America II. 108 

disc. Most Economical point of Cut-off 11.198 

Harmonic Multiplex Tel«*graphy IV. 882 

Hayward, n. S., Adjustable Cut-off for Marine Engines IV. 186 

Heating Surface in Ventilating Fines, W. P. Trowbridge HI. 67 

'* ** the "Superior" * 11.114 

Uelical Springs, J. W. Cloud V. 178 

Hemenway, F. F., disc. Packing for Rods and sterns I. 250 

*' •* Methods for Economy of Fuel I. 272 

Henning, G. C, Notes on Steel IV. 419 

" disc, the "Superior" II. 11« 

" Standard Fittings IV. 286 

" Bower-Barff Process IV. 868 

" Balanced Vertical Engines IV. 880 

" Natural Gas V. 869 

Hewitt, W., Contin nous Rod Mill of Trenton Iron Co ! II. 70 

" " disc. Balanced Vertical Engines FV. 888 

IIiGGiNS, M. P., disc. Drop Press V, 60 

High-j*peed Engines *. II. 75 

Hill, C. C., disc. "The Superior" II. 118 

Hipp Escapement III. 184 

History and Development of Winding and Pumping Mach, of Penn., 

H. Green IV. 217 

Hoadley, J. C, Expansion in Single and Compound Engines. I. 155 

Use oftJie Cal&rimeter as a Pyrometer for High Temp.. II. 4:3 

^'^pecific Heat of Platinum III. 174 

Tilting Water Meter for Purposes of Experiment V. 68 
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HOADLEY, J, C, disc. Trenton Rod Mill IF. 77 

" " at I loUey Memorial Session III. 54 

HoBBS, A. C, disc. Machinery at International Exhibitious V. 123 

" Properties of xMetals and Alloys V. 148 

Hoisting Engine for Collieries IV. 218 

Gear for Cranes IV. 291 

HoLLEY, A. L. , The Field of Mechanical Engineering I. 23 

*' ** Adaptation of Bessemer Plant for Basic Process I. 131 

*' ** disc. Regenerating Metallurgic Furnaces I. 61 

" " *' Methods of Economy of Fuel 1.273 

*' '* ** Calorimeter as Pyrometer II. 54 

** " Experimental Mechanics II. 66 

'* First Rolling Mill in America 11.105 

'* the *♦ Superior" .* 11.116 

** ** Memorial Resolutions III. 11 

Tribute to, J. C. Bayles III. 84 

Monument IV. 10 

Address, R. W. Raymond IV. 85 

IIOLLOWAY, J. F., The Marine Engine of the Lakes IV. 211 

at Holley Memorial Session III. 56 

disc. Expansion in Single and Compound Engines. . I. 182 

" Adjustable Cut-off IV. 141 

Steam Engine Indicator IV. 188 

Non-conducting Coverings V. 109 

Machinery at International Exhibitions V. 122 

Comparison of Indicators V. 836 

Honorary Members in Perpetuity •. III. 4 

Electedin 1882 .' IV. 18 

HoRNiG, J. L., Economy by Subdivision in Operating Machinery IV. 233 

Horse Power of the " Superior " II. 114 

" for Edison Dynamo..! III. 224 

" of Boilers V. 284 

Hunt, R. \V., disc. Cambering Arrangement of Lackawanna I. & C. Co. IV. 116 

" " at Holley Memorial Session III. 50 

Hunt, A. E., disc. Natural Gas V. 864 

IluTTON, F. R., I^ote on Mineral Wool as ^on-conducting Covering III. 228 

disc. Most Economical Point of Cut-off II. 201 

*' Age of Steam Boilers 11.519 

Hydrants for Fire Protection II. 316 

Hydro-Mecbanics, progress in IV. 81 

Ice Machinery, Absorption System of H. F. J. Porter II. 212 

by ComprtSSfd Air II. 213 

* ' Ammonia and Ether II. 214 

''SO' II. 215 

Ignorance of Copper Alloys III. 92 

'• Stone, BiicU, Wood, &c III. 91 

Imperisil Standard Yard II. 82 

Improved Mercury Column, D. N. Mel vin II. 98 

" Method of Screic Propulsion, J. B. Root II. 442 

Inaugural Address, 1880, R. II. Thurston I. 7 
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22 GENERAL INDEX. 

Incombustibility of Beton '.' IV. 888 

Incorporation of the Society II. 387., III. 8 

Indicator Cards of Worthington Engines III. 186 

Indicator, New Form of. i. B.Webb IV. 182 

" under varying loads IV. 188 

Indicators, CompnrUon of Three Modern Types of O. H. Barms V. 310 

** errors of I. 189 

Ingot Cranes, Cylinders and Mast for IV. 243 

Breaking Block for IV. 244 

Remarks on the Ordinary Form of G. Curtis IV. 289 

In Memoriam, IT. R. Worthington II. 228 

Inspection of Boilers IV. 148 

'* Material IV. 79,411 

Interchangeable Parts in Machinery IV. 80 

Internal Corrosi«»n of Steam Ciiimneys III. 232 

International Erkibitions, American Machinery at, T. R. Pickering V. 118 

Introduction to Essay on Mechanical Progress, C. Sellers III. 199 

Intn)duction to Non-conducting Coverings, C. J. II. Woodbury V. 78 

Invitation to Foreign Engineers II. 388, V. 17 

Iris, Engine of S. S I. 227 

Iron Manufactures, growth of II. 419 

** and Steel Industry of 1880 III. 84 

** made Rur^tless IV. 861 

Isherwood's Experiments on Non-conducting Coverings V. 108 

Tests on U. S. Steamers I. 188 

Iso<lvnamic Curves in Beams IV. 184 

Jarboe, W. S.. disc. Natural Gas V. 861 

Johnson, L. , Crank Pin of S. S. Knickerbocker I. 69 

Brief Treatise on the Steamboat Cam II. 122 

Johnson's & Meigs* Experiments Compared. * IV. 250 

Joint Committee of Engineering Societies III. 0, V. 17 

JoNKS, W. R., disc. Natural Gas V. 866 

Journals, use of Babbitt Metal for III. 226 

Joy's Valve Gear V. 47 

Kal Defined V. 282 

Kennedy, J., disc. Non-conducting Coverings V. 112 

Kent, W., Kraporfttire Pnicr of Bituminous Coals IV. 249 

" Rulfs for Conducting Boiler Tests V. 260 

disc. Most Economical Point of Cut off II. 284 

" Test Commission III. 107 

*' " *• Built-up Work III. 196 

•♦ Mineral Wool III. 280 

** " " Non-oonduoting Coverings V. Ill 

" ♦' " Perfect Screw V. 249 

** Estimates for Steam Users V. 296 

** ** " New York to Chicago in IT hours V. 807 

'♦ Indicators V. 886 

*♦ " " Natural Gns V. 860 

Kilburn's Non-conducting Covering II. 88 
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GENERAL INDEX. 23 

Kinematic Models, Iieuleaux*8, J. B. Webb IV. 367 

KiRCHHOFF, C, disc. Nutaral Gas. V. 375 

Knickerbocker, Crank Pin of S. 8. , L. Johnson I. 69 

Lackawanna Rail Carnhering Arrangement, W K. Seaman IV. 106 

Laidley, Col., Communication from IV. 20 

Lead of Valves I. 154 

" Screws L 129; IIL 128 

Lanza, G., Transoerae Strength and Stiffness of Spruce Beams IV. 119 

" disc. Test Commission III. 108 

Large Sections Weaker than Small IV. 76 

Latest Method of Submarine Telegraph Work^ T. W. Rae II. 849 

Lathe Spindles I. 121 

Laureau, L. G , disc. Rolled Steel Car- wheels IL 297 

Leavitt, E. D., Jr., The ''Superior" IL 106 

disc. Expansion in Single and Compound Engines L 170 

Crosshead of Corliss Engine II. 41 

*' Trenton Rod Mill II. 76 

" Most Economicul Point of Cut-off IL 191 

Spiral Springs IV. 349 

♦' Bower-Barff Process IV. 364 

Balanced Vertical Engines IV. 384 

Beton as Building Material IV. 402 

'* Notes on Steel IV. 432 

" Water Meter V. -71 

Non-conducting Coverings V. 108 

Machinery at International Exhibitions V. 121 

Properties of Metals and Alloys V. 152 

Rules for Conducting Boiler Tests V. 277 

Estimates for Steam Uses V. 297 

New York to Chicago in 17 Hours V. 306 

Le Van, W. B., Lifetime nr Age of Steam Boilers IL 503 

JVeio York to Chicago in 17 Hours V. 301 

disc. Screw Propulsion IL 462 

Teat Commission IIL 118 

Edison's Steam Dynamo IIL 225 

Upright Boilers at Roxbnry Pump Station IIL 299 

l^)iler Inspection IV. 149 

Standard Fittings IV. 280 

Bower-Barff Process IV. 363 

Balanced Vertical Engines IV. 383 

Beton as Building Material IV. 401 

Notes on Steel IV. 433 

Rules for Boiler Tests V. 268 

Estimates for Steam Users V. 299 

Indicators V. 335 

Letter on Pemborton Mill IIL 25 

Life-time, or Age, (f Steam Boilers, W. B. Le Van II. 503 

of Boilers, Axles, etc LV. 147 

Livadia, Boilers of IV. 418 

Local Committees, New York, 1882 IV. 1 

Cleveland, 1883 IV. 193 



. < it ( ( 

i ( <i < < 

it t < t ( 

< < it H 

It tt t f 

it It tt 



t i t i 

« < ( i 

« > < t t < 

tt it tt 

ti it ti 

i, a tt 

ii ti t i 

it a a 

it a ti 

. < a tt 

it ti < < 

a a it 

it a a 

t i 1 1 i i 



it i i 



24 GENERAL INDEX. 

Local Committees, New York, 1883 V. 8 

Pittsburgh, 1884 V. 159 

Locomotive Cylinders, Cut-off Valves for V, 805 

PortAreasof V. 806 

Sizeof V. 805 

Engine of G. U. Corliss ^ V. 806 

Long Boilers, Support of IV. 146 

Low Speed in Engines I. 22 

Lubricating Oils, Meamirement of Friction of, C. J. H. Woodbury I. 78 

Lubrication at High Tenipeniti^res I. 115 

in Superheated Steam IL 119 

Lvhricaiion, EconoTny in, G. N. Comly IV. 815 

by Grease and Oil IV. 815 

Costof rV. 815 

Lubricated Surfaces, Pressure on .* I. tl8 

Lyne, L. p.. Packing for Pistmi Rods and Valve Stems I. 248 

disc. Counterbalancing of Engines II. 277 

Age of Steam Boilers 11. 528 



<f 4< 

ti It it 



Machine for Testing Physical Properties of Metals and Alloys, T. Egleston. V. 140 

Machine Riveting IV. 146 

Machinery, Americ<in, ai International Exhibition^ T. R. Pickering V. 118 

Manchester Steam Users' Association FV. 142 

Marine Engine of the Lakes, J. F. Holloway .' IV. 211 

Marshall's Valve Gear V. 45 

Mast for Ingot Cranes IV. 248 

Master Tap for Perfect Screw V. 254 

Materials for Sjninga IV. 88«, 848 

Maynard, G. W., Bower-Barff Process for Rustless Iron IV. 851 

Measuring Machines V. 242 

Mech/tnical Correctness, C. A. Hague I. 289 

Dramngs, Method of Keeping, C. T. Porter II. 560 

Engineer, His Work and His Policy, R. H. Thurston IV. 75 

Engineering, Field of A. L. Holley I. 28 

Laboratory ' II. 65 

Theoryof Heat, Study of , A. R. Wolff L 211 

Mechanism for Mamevvering Clutch Couplings, W. F. Durfee IV. 811 

Employed in Multiplex TeUgraphy, T. W. Rae IV. 821 

Mklvin, D. N. , Improved Mercury Column II. 98 

Members, Honorary, elected IV. 18 

Memorial of H. R. Worthington IL 228 

Resolutions on the Death of A. L. Holley III. 11 

to U. S. Senate on Test Commission III. 102 

Session, A. L. Holley IIL 9, 29 ; IV. 8 

Mercury Column, Improved, D. N. Melvin II. 98 

'* Well in Feed Pipe V. 71 

Metcalf, \V. , at Holley Memorial Scission III. 51 

•• disc. Test Commission HI. 120 

*' Helical Springs V. 185 

** NaturalGas V. 862 

Method of Arranging and hidcxiug Dra\cings and Patterns, A. F. Hall. II. 869 
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GENERAL INDEX. 25 

Methods for Heating Air in Flues III. 69 

*' for Moving Air in Flues III. 68 

Method, New, of Casting Flange Pipe IV. 237 

" " Constructing a Crank Shaft IV. 231 

•♦ of Coiling Springs IV. 336 

Metric System, C. Sellers I. 29 

F. A. P. Barnard on ' I. 32 

'* •' Scales for Drawings in I. 37 



H if 



Calculations in I. 39 

Standard Sizes for I. 42 

LeadScrewdin V. 248 

Microscopical Study of Metals and Woods IV. 131 

Mill Floors, C. J. H. Woodbury : II. 468 

Miller, A., disc. Balanced Vertical Engines IV. 384 

Milling, Progress in IV. 83 

Mine Cars IV. 218 

Mineral Wool as Non-conducting Covering for Steam Pipes, F. R. Button . III. 228 

" Non-conductor V. 105 

Molecular Structure of Steel V. 245 

MoOHE, L. B., at Holley Memorial Session III. 63 

MOKGAN, T. R., Sr., disc. Cranes IV. 302 

'• Balanced Vertical Engines IV. 385 

** Drop Press V. 60 

Mortar Resisting Fire II. 497 ; IV. 401 

Morton, II. , disc. Natural Gas V. 374 

Most Economical Paint of CvJt-off in Steam Engines, Wolff-Denton ... II. 147, 281 

Motion Curves for Cutoff Valves, A. Wells Robinson V. 84 

Movement of Valves in Worthingtou Engine III. 132 

Multiplex Telegraphy, Mechanism Employed in, T. W. Rae IV. 331 

Nagle, a. F., Formula for the H. P. of Leather Belts , II. 91 

*♦ disc. Trenton Rod Mill II. 79 

'' " Adhesion of Belts 11.228 

'* *' Upright Boilers at Roxbury Pumping Station 111.299 

*' " " Rules for Boiler Tests V. 275 

National Turbine Wheel Test III. 80 

University IV. 101 

Natural Gas as Motive Power V. 365, 367 

" " Steam Fuel V. 345 

" *' for Industrial Purposes, Report on V. 340 

Combustibility of V. 350 

Cost of • V. 345, 864 

" Danger of V. 850 

" in Iron Manufacture V. 345, 362, 364, 365, 367 

" " Laws of Penn. on V. 852 

" Odorof V. 875 

" Pipes and Joints for V. 348, 371 

" Prossureof V. 349 

" Propertiesof V. 357 

* Wells V. 348 

Naval Engineering, Progress in II. 481 
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26 GENERAL INDEX 

liiw Form of Balanced Dynamometer, S.S. & W. O.Webber IV. 227 

'* •' • • Steam Engine Indicator. J. B. Webb IV. 182 

New Method of Canting Flinge Pipe, J. E. Sweet IV. 287 

" Conntrueti/ig a Crank Shaft, J. E. Sweet IV. 231 

** Keeping Mvchanieal Dra icings, C. T. Porter II. 560 

Heic Valcf Motion^ i\ Angstrom V. 41 

Nile York to Chicago in Yi lloum, W. B. Le Van V. 801 

Nickel, Application of II. 416 

Komenclaturf of Machine DetaiU, 0. Smith II. 858 

for Crane Motions .' IV. 208 

Nominating Committee, 1880 I. 2 

1882 III. 18 

188;J : IV. 109 

1884 V. 162 

Non-conductors of Ileaty Experiments on, C. E. Emery II. 84 

Non-conducting Coverings for Steam IHpes, J. M. Ordwaj, 1st paper. ... V. 78 

2d " V. 212 

Note on Expansion of Steam and Regulation of the Steam Engine, R. H. 

Thurston II. 838 

Note on Mineral Wool as Non-condw^tor, F. R. Hutton III. 228 

" *' the Economy of the Windmill as a Prime Mover, A. R. Wolff. . . III. 299 

** Relating to Water-Jmnimer in Steam Pipes, R. II. Thurston IV. 404 

Notes on Steel, G. C. Ilenning IV. 410 

Novelty Iron Works Experiments I. 184; V. 837 

Numb»»r of Coils in Spiral Sprin.irs IV. 847 

Nystuom, J. W.,disc. Upright Boilers at Roxbury Pumping Station.. III. 290 

ObjectioHH to Cast Iron Fittings IV. 276 

Odell, W. H., disc. Water Meter V. 60 

Official versus Private Inspection of Boilers IV. 148 

O'Neiirs Valve for Steam p:ngine II. 849 

Ordnance, Progress in II. 483 

Treatise on, A. L. Ilolley IV. 63 

Ordway, J. M., Non-conducting Coverings for Steam Pipes, 1st Paper. . V. 78 

" 2d ** .. V. 212 

Oscillation of Mills II. 471 

Output in Bessemer Process, 1882 I. 138 

Outward Pres>ui e of Packing Ring II. 25 

Oxidation of Iron by CO (las IV. 358 

" SOM>as III. 230 
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Packing for Piston Rods and Valce Stems, L. F. Lyne I. 248 

Paintkr, p., disc. Natural Oas ! V. 367 

Parallelism of (iirders of Travel ng Cranes IV. 308 

Parting Pots of Ferro-phosplior Silicons III. 88 

Partkidgk, W, E., disc. Coiinterl)alancing of Engines II. 269 

•" Nomenclature of Machine Details 11.866 

•* at Ilolley Memorial Session III. 66 

** Test Commission III. 119 

" Mineral Wool ^ . . . III. 283 

'* " " Spruco Beams IV. 181 

'* " Bower-Baiff Process IV. 864 
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Partridge, W, E., disc. Water Meter V. 70 

Pemberton Mills, Failure of III. 25 

" Floor Section II. 271 

Percentage of Friction in Mills I. 113 

Perfect Screw Problem, Practiced Solutio7i of, W. A. Rogers V. 216 

Perkins* Marine Engine I. 188 

Steam Pressures IV. 87 

Permanence of Metals V. 250 

Permanent Way of Railroads II. 554 

Pickering, T. R., America^i Machinery al International Exhibitions, . . V. 113 

Pierce, , disc. Self-packing Valves II. 501 

'* Age of Steam Boilers II. 518 

Pillow Block for Veriical Engine IV. 370 

Pipe Joints for Natural Gas V. 348, 371 

Piston Speed II. 76, 198; IV 888 

Plnnimeter for Indicator IV. 186 

Plaster of Paris in Bower-Barff Process IV. 359 

" " *' as Non-conducting Covering V. 108 

Platinum, Specific Heat of, J. C. Hoadley III. 174 

Pond, D. C. , Address of Welcome at Hartford II. 8 

Porter, C. T.. Strength of Machine TooU I. 119 

Ifethod of Keeping Mechanical Dramngs II. 560 

Edison* s Steam Dynamo III. 218 

at Holley Memorial Session III. 53 

disc. Metric System I. 52 

" Friction of Oils 1. 113 
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'* " " Friction as a Factor I. 150 
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Expansion in Single and Compound Engines I. 177 

Efficiency of the Crank I. 236 

Counterbalancing of Entrines. II. 266 

Most Economical Point of Cut-off II. 285 

" Expansion of Steam II. 347 

*' Nomenclature of Machine Details II. 368 

** Method of Arranging and Indexing Drawings and 

Patterns II. 375 

'' '* Screw Propulsion II. 461, 464 

" Upright Boilers at Roxbury Pump Station III. 298 

•* •* Water Meter V. 71 

" Perfect Screw V. 252 

*' Rules for Boiler Tests V. 276 

" Indicators V. 331 

PoKTEit, n. F. J., Binnry Absorption System of Ice Machinery II. 212 

A Self-packing Valve II. 499 

Positive Speed Indicator, O. Smith V. 206 

Pomr Crane, A, W. F. Durfee V. 131 

at Novelty Iron Wor,vS V. 138 

atJoliet V. 138 

Practical Foryiula? for Friction of Valves IV. 162 

Mffhods for Economy of Fuel tnthe Steam Engine, A. ^iirling I. 265 

Solution of the Perfect Scretc Problem, W. A. Rogers V. 216 
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28 GENERAL INDEX 

PiiATT, F. A., disc. Standard Monsurtments II. 89 

(Jauge System. III. 129 

" and \Vliitn(^v Standard Bars II. 84 

Pratt, N. W., disc. Rules for Boiler Tests V. 269 

Preliminary Meeting for Organization I. 8 

President's Inaugural, 1880 I. 7 

Pressure on Lubricated Surfaces I. 113 

Obtainable hy the Use of the Drop Press, R. H. Thurston V. 53 

Per Square Inch on Babbitt Metal III. 227 

Prevention of Smoke in Boilers I. 278 

Price of Steel as compared with Iron IV. 419 

Principles for High-speed Boats IV. 9J 

Printing, Progress in 11. 489 

Proceedings, Xew York, 1880 I. 1 

Hartford, May, 1881 IL 1 

Altoona, 1881 II. 283 

New York, 1881 H. 888 

Philadelphia. 1882 III. 1 

New York, 1883 IV. 8 

( leveland, 1883 IV. 198 

New York, 1883 V. 8 

Pittsburgh, 1884 V. 159 

Production of Ste»-1 IV. 65, 78 

Profits at Fixed Expansion III. 281 

Progress in Meehanical Science, 1824-1882, P. Fraley III. 200 

Prolo rigid Stret.8 on Iron, Effects of, K. H. 1'hurston IV. 224 

Properties, Physical, of Metals and Allays, T. Egleston V. 140 

Proportions of Cement in Beton IV. 891 

Protective Value of Boih r Inspection, F. B. Allen IV. 142 

Pumping Engines, (beared II. 79 

Speedof L 181; IL 79 

Pumps for Collierirs IV. 220 

*' Mills IL 308 

Punched Holes in Steel... IV. 417. 428 

Push and Pull Springs: IV. 845 

Pyrometer, Calorimeter as, J. (.\ Hoadley II. 42 

Pyrometers, Siemens ., ..../... II. 53 

Rae, T. W., Latest Method in Submarine Telegraph Work IL 849 

** Mechanism Employed in Multiplex Telegraphy IV. 821 

Rail Cambering Arrangement, Lackatranna I. <t C. Co., W. K. Seaman IV. 106 

Railroad Engint*ering, Progress in II. 428 

Pernjanent Way of IL 544 

** Structures, Protection of II. 524 

Water Stations. Windmills for IIL 807 

Pailitay Eronomics, S. W. Robinson IL 624 

Rankine's Diagram of Efficiency Ill, 260 

" Theorem of Economy of Single Acting Engines, W. P. Trow- 
bridge m. 286 

Ratio of Expansion at Maximum Efflcitney, R. H. Thurston IL 128 

Rational System of Piston Packing, S. W. Robinson IL 19 
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Raymond, R. W., Holley Memorial Address * FV. 35 

Reaction of Water on Mineral Wool II. 89; III. 229 

Reamed HoU-s in Steel IV. 418, 428 

Receiver of Conii ound Engine I. 178 

*' Engine, Wire-drawing in I. 174 

Reciprocating Parts, Counterbalancing of II. 248 

for High Speeds *. II. 75 

Weight of I. 151; II. 268 

Recommendations for Pipe-fittings IV. 276 

Reel for Rod Mill II. 74 

Re-enforced Beton for Engine Foundations IV. 395 

Rf.ESE, J., Regenerating Metallurgic Furnaces I. 57 

ItoUed Cast Steel Car Wlieels II. 298 

" disc. Perfect Screw V. 245 

" Natural Gas V. 364 

Reference Literature II. 69 

Refreshment of Metals III. 89, 97 

Regenerating Metallurgic Furnaces, J. Reese I. 57 

Regulation of Steam Engines, Note on, R. H. Thureton II, 388 

Reheating in Receiver Engine I. 178 

Relation between Velocily and Presture of Wind III. 805 

Relation of Employers to Employed IV. 96 

Remarks on Re^semer Ingot Cranes, G. Curtis IV. 239 

Repeitoriuu), Schubert h-Carl II. 67 

Report of Committee on U. S. Commisbion to test Materials. 

III. 16, 80 ; IV. 29 ; V. 9 

'* Hollev Memorial III. 9; IV. 10; V. 15 

" Gauges and Standards IV. 21 

Council, 1882 IV. 7 

June, 1883 IV. 198 

Nov., 1883. . . . : V. 7 

May, 1884 V. 162 

Report on Natural Gas, Appendix V. 840 

Re[)0rt on Revision of Rules V. 16, 164 

Repoit of Telleis, May, 1881 II. 9 

Nov., 1881 II. 898 

April, 1882 III. 8 
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June, 1883 IV. 200 

Nov., 1883 V. 21 

May, 1884 .• V. 165 

" Secretaiy, 1880 .* I. 8 

1881 II. 387 

Treasurer, 1880 I. 5 

May, 1881 II. 5 

Nov., 1881 II. 899 

Nov., 1882 IV. 7 

June, 1883. IV. 201 

Nov., 1883 V. 7 

May, 1884 V. 168 

Test on Upright Boilers at Roxbury Pumping Sta.y J. S. Coon. III. 290 
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30 GENERAL INDEX. 

Kesignation of Tr<*asurer IL 401 

Resolution on Metric S vstom I. 54 

adopted II. 

Resol utioiiH of Thanks, Nov., 1881 II. 411 

" April. 1SS2 III. 21 

•• Nov., 18S2 IV. 38 

•* June, 1883 IV. 207 

" Nov.. 1883 V. 31 

'* May, 1884 V. 171 

" toR. W. Raymond IV. 5 






on death of Peter Cooper IV. 199 

on Test Commission of P^ngineers' Society of Westtrn Penn.. III. 107 

Reuleanx'if Kinematic Models, J. B. Webb (Abstract) IV. 867 

Revision of Rules IV. 15, 199; V. 16. 164 

RiCUAiJDS, C. B., disc. Trenton Rod Mill II. 75 

F. n., disc. Spiral Sprm;;s IV. 844 

Rivet Holes in Steel Plates IV. 480 

Riveti!ig nnois Pin Conneclions III. 109 

Roberts, T. P.. disc. Natural Gas V. 868 

RoiJixsoN, A. Wki.ls, Motion Ciirtesfov Cut-off Yakts V. 84 

ROJJINSON, S. W., Efficii'ucy of the Crank I. S81 

Cushion Adjustment in Engines I. 255 

Ration id System of J* into n Parking II. 19 

Counterbalancing of Engines II. 848 

Railroad Ecmwnncs II. 534 

Tlurmodyntimies of Worthington Compound Eng III. 180 

Back Pressure on Valns IV. 150 

disc. Friction as a Factor I. 150 

Expanshm in Single and Comjwund Eng I. 174 

^lost Economical Point of Cui-off II. 286 

Note on Expansion' of Stt-am II, 844 

Arranging and Indexing Drawings and Patterns IL 875 

Screw Propulsion II. 46*3, 467 

Standard (iange System III. 188 

Upiight Boilers at Roxbury Pump. Station.... III. 299 
Cambering arrangement, Lackawanna I.& C. llo, IV, 117 

Spiral Spi ings IV. 840 

I'erfect Screw V. 250 

Indicators '. V. 888 

Rod MiU of Trenton Iron Co,, \V. Hewitt IL 70 

HOGEKS, W. A.. Piacrical S(dntion of the Perfect Screw Problem V, 816 

Rolhd Cast Stol Car W/nefs^J. Ueese IL 298 

Holler Mills, Ri*placing Stones IV. 88 

Rolling Mill, Firf<l in America, W. II. Uarrison U. 108 

Root, J. B. , Xetr J/< thod of Sere ? Proinilnion II, 443 

** •' disc. Age of Steam Boilers IL £30 

•* *• " p:conomy of the Wind Mill IIL 806 

*' •* ** Bower- IJartI PrcK-css IV. 866 

" '* •* Beton as Huihling Material IV. 408 

Ross, Andiew, Dividing Kngine V. 256 

Roxbuj-y Pumping i^tationy Tid of Cpiig/tt Roiler at, J. S. Coon IIL 890 
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GENERAL INDEX. 31 

Eules for Conducting Boiler Tests, W. Kent V. 260 

Rustless Iron, tlie- Bower'Barff Process for Producing, G. W. Mayuard. . IV. 351 

Sales of U. S. Bonds IV. 8 

Scheme of In(lu>trial Organization IV. 99 

Sccjtt, 0. , disc. Balanced Vertical Engine IV. 382 

Screw Perfect, Practical Solyiionfor, W. A. Rogers V. 216 

§*ropuUion, Improved Method of, J. B. Root II. 442 

IV. 94 

Screws, Standard V. 220 

for lathes V. 286, 241, 249 

** Threads, Standard Sizes for, G. R. Stetson I. 128 

in R. R. work L 128 

Seaman, W. K., Rail CambeHng Arrangement, Lackawanna I. and G. Co. IV. 106 

Secondary Batteries IV. 86 

Sectional Stejiin Boilers IV. 91 

See, H., Biiilt'U]) Work in Engine Construction III. 193 

Self-Packing Valve, A, H. F. J. Porter II. 499 

Sellers, C, Mdric System H t. 29 

'* *' Introduction to E>say on Mechanical Progress III. 199 

" disc. Strength of Machine Tools I. 121 

'' Standard Screw Threads I. 127 
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at Ilolley Memorial Session III. 60 

Several EfficUnclsof Steam Engine, The, R. H. Thurston III. 245 

Shaw Locomotive II. 276, 277 

Sheet Iron Diaphragms in Flues III. 76 

Siemens Py rometer II. 53 

•* Furnace in Brass Manufacture V. 149 

Silicon in Steel Car Wheels II. 298 

Silk Manufacture, Progress in II. 422 

Single and Compound Engine, Belative Economy of I. 22 

Smith, O., Ejpcrime/ital Mcchfutics II. 55 

Xo nunciature of Machine Details II. 358 

Spiral Springs IV. 335 

" " PoMve Spred Indicator V. 206 

" " dis'j. Calorimeter as Pyrometer II. 54 

" " " Standard Measurements II. 89 

'* ** ** Counterbalancing of Engines 11.276 

'• " ** Arranging and Indexing Drawings and Pattermj II. 377 

" Screw Propulsion » 11.468 

" 'lest Commission III. 104 

" Edison's Stean) Dynamo III. 226 

" " " New Form of Indicator IV. 186 

*' Cranes IV. 808 

•' Bower-Barff Process IV. 363 

" Drop Press V. 59 
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Water Meter V. 68 

Non-conducting Coverings V. 109 

Properties of Metals and Alloys V. 147 

Helical Springs V. 184 

Perfect Screw V. 236, 254 
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32 GENERAL INDEX. 

Smoke Prevention I. 278 

Soap as Lubricant IV. 272 

Solution of Problems for Actual Engines III. 270 

*' PracUcfd of Perfect Screw Problem, W. A. Rogers V. 216 

Special Fittings* for Large Pipe IV, 283 

Specifications for Steam Boilers IV. 4S0 

Specific: Heat of PMinum, J. C. Hoadlej IIL 174 

Speed Indirator PoHitice, O. Smith • V. 206 

♦* of Confipound Engine L 170 

•' *' Mills IL 421 

** '• Ri-volution, Affecting Economy II. 198 

** ** Steam Vessels IV. 91 

Spiral Grooves avoided on Rope Drums IV. 807 

Spiral Springfi, Comprtmhle and 7 ensile , O. Smith IV. 885 

Formula) for IV. 841 ; V. 175 

in Corliss Pumps IV. 849 

Limit of Extension in IV. 847 

•* Number of Coils in IV, 848 

Springer Eye-Bars « IV. 418 

Springs, JLlieal,.]. \V. Cloud V. 178 

** Spiral, Compressible and Tensile, O. Smith IV. 885 

Sprinlders for Fire Protection II. 8S8 

Spruce Beams, Strength and Stiffness of, large, G. Lanza IV. 191 

Spur versus Worm Gear for Cranes IV. 802 

Sciuare Siiaft versus Wire Hope for Traveling Ctanes IV. 804 

Standard Sizes (f Sreir-thn ads, (4. R. Stetson I. 128 

Measure inents, (i. M. Bond II. 80 

Gauge Systi'm, G. M. Bond IIL 122 

Cast-iron Fittings, W. J. Baldwin IV. 274 

of Length IL 80 

Bars, P. & W. Co IL 84 

W.A.Rogers IL 87 

Gauges, Betts Machine Co IL 88 

Dimensions for Tools IV. 80 

1'aper for Pipe-taps IV. 285 

Standards Usual in C'ast-iron Fittings IV. 282 

Stark's Multiplex Telegraphy IV. 827 

Statistics of Iron and Steel for 1880 in U. S IIL 84 

Steamboat Cam, Brief Treatise on, L. Johnson IL 122 

Steam Engine Practice, Progress in IV. 87 

The S<^ccral Efficients of the, R. II. Thurston UL 245 

Stationary, Efficiency of IL 4JM 

for Elevator Engines V. 

Factory Engines V. 

Heating V. 291 

J*ts V. 295 

P«i"Ps V. 994 

" in Bower-Bai-fT Process IV. 856 

Jacket, p:iriciency of I. 175^ 190 

Condensation in |L 198 

Pipes, Water-hammer in IV, 401 
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GENERAL DfDEX. 38 

Steam Pressure for Maximum Economy IV. 88 

Usual V. 269 

•• Pumps in Mines IV. 222 

Stearns' Multiplex Telegraphy IV. 827 

Steel Bridges IV. 410 

by Compression IV. 79 

Castings for Engines II. 116 

from Terre Noire II. 120 

Eye-bars I V . 411 

Stetl, Note^ on. i\.(.\ Ilenning IV. 410 

I'roduced by Open Hearth Process IV. 78 

Kei)lacing Iron IV. 77 

versus Iron Forgings III. 197 

Stetson, (J. li., Standard Sizes for Screw Threads I. 128 

" '* disc. Metric System I. 51 

'• Fricti<m of Lubricating oils I. 116 

Stiffness of Mill Floors IL 485 

Stiulino, a., Practical Methods for Economy of Fuel in Steam Engine. I. 265 

• disc. Friction of Oils I. 118 

• " Screw Threads L 127 

♦' '* Packing for Rmls and Stems I. 260 

Experiments on Non-conducting Coverings II. 89 

Experimental Mechanics II. 67 

Trenton Rod Mill II. 74, 77 

•• the *' Superior" IL 114 

Most Economical Point of Cut-oflf II. 194 

(counterbalancing of Engines II. 277 

Expansion of Steam II. 844 

Straightening Rails IV. 106 

Strai^rht Line Engine Engine Balance IV. 386 

Stha tton, , disc. Nomenclature of Machine Details IL 865 

Strength tnid Sfiffnesn of lAirge Spru/'e Beams, (L Lanza IV. 119 

Stn ngth in Machine Tot>l4i, V. T. Porter L 119 

•• <»f Mill Fkwrs IL 479 

Stuoxcj. (L S., disc. Cross-head of Corliss Engine II. 42 

" Ecommiv (►f the Windmill IIL 806 

Rail Cambering Arrangement IV. 1 18 

New Valve Motion V. 46 

•• Machinery at International Exhibitions V. 122 

" Natural (Jas V. :}69 

• * " Water Meter V. 71 

Structural Steels IL 117 

StutThig-lM)x for Vertical Engine IV. 378 

Sub-Committees of Original Test Commission III. Ill 

Subdivision in Installing Machinery IV. 288 

Submarine Telegraph Work, [Attest Methods in, T. W. Rae II. 849 

Sulphurous Acid (las in Mineral Wool III. 280 

Superheated Steam in Underground Pi|)es IV. 408 

Superheating in Com|Kmnd Engine IL 115 

Sup,ri>r, Thf, E. I). Leavitt, Jr IL 106 

Support of L<mg Boilers IV. 146 
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SwEBT, J. E., Coffin's Averdging Instrument IL 885 

Friction as a Factor in Motive-power Expenses I. 148 

New MetJiod of Constructing a Crank Shaft IV. 281 

New Method of Casing Flange Pipe IV. 287 

disc. Screw Threads ', L 127 

Expansion in Single and Compound Engineti L 176 

Packing for Rods and Steins L 250 

Screw Propulsion II. 466 

Balanced Vertical Engine IV. 886 

Perfect Screw V. 842 

System, Rational, of Piston Packing, S. W. Robinson IL !• 

Systematic Promotion of Industries IV. 89 

Table for Belts at Varying Shaft Angles IV. 177 

Cushion Adjustment in Engines I. 260 

Economy of Windmills III. 808 

" Packing Rings IL 22 

" Single n. 82 

of Analyses of Bituminous Coals IV. 265 

SteelBars IV. 416 

Areas of Indicator Diagrams V. 880 
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Coal per H. P U. 145 

Cylinder Capacity and Cost IIL 241 

Dimensions of Storehouse Floor IL 484 

Distortion of Indicator Diagrams V. 828 

" •• Efficiency of Crank L 228 

*• " *• '• " Bearings L 284 

** ** •' " *• SOa Ice Machine 11.220 

** *• Errors of Indicator Springs V. 816 

** " Evaporative Power of Bituminous Coal IV. X67 

** Expansion of Steam and Water IIL. 218 

" '* Fracturesof Wire IV. 

'* " PMction of Belts at Different Angles IL 285, 

** *• Friction of Oils L 

** " Loads on Mill Floors IL 488,471 

•' '* Mean Specific Heat of Iron IIL 179 

•* " •* " " *• Platinum ' HI. 178 

•* Pipe Threads L 50 

*' ** Pressure under Droj) Press V. 64 

** Probable Minimum Weights of Steam per H. P .' HL 258 

'• •* '* *' *♦ "CoalperH.P 111.258 

•* ** Results for Worthington -Engines III. 178 

" Steam Consumption II. 886 

** '* '* per H. P V, 51 

" '* ** used in Engines V. 

" ** Steaming Valves of Bituminous Coals IV. 

*' Terminal Pressures IL 148 



*• 



** Tests of Eye-bars IV. 412 
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Table of Tests of Eye-bars Springer's Patent IV. 414 

Oils I. 89 

Steels for E. R. Bridge IV. 417 

Springs, P. R. R V. 174 
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** *' Turbines III. 79 



'' Transfer of Heat II. 46 

*' Transverse Strength of Spruce Beams IV. 122 
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Useful per cent, of large and small Machines IV. 236 

Velocity of Fly-wheels III. 193 

Water Raised by WindmUls III. 801 

Weights, etc., of Indicators V. 318 

Wbitworth Screws I. 48 

Tables of Non-conducting Coverings for Steam Pipes, J. M. Ordway. . . V. 95 

*' Rotative Effort in Compound Engine, J. C. Hoadley I. 165, 166 

Tabor, H. , Compre^mwn as a Means of Governing V. 48 

Tandem Compound Engine I. 188 

** '* " Duplex III. 169 

Tanks of Re-enforced Beton IV. 395, 398 

Taper of Pipe Threads IV. 286, V. 371 

Taps for Pipe Fittings IV. 286 

Telegraphy, MultipleXy Mechanism Employed in, T. W. Rae IV. 321 

Tellers, see Report. 

Temper of Spiral Springs IV. 348 

Temperature in Bower-Barff Process IV. 356 

*' determining Efficiency of Crank I. 232 

*' in Ventilating Flues III. 74 

" '* Boiler Furnace II. 55 

*• Siemens Furnace II. 54 

Affecting Standard Bars V. 247 

Tempering of Steel Springs V. 184 

Tenacity of Steels II. 416 

Tendency of Fluid to Lift Packing Ring II. 26 

Testing-machines at Watertown II. 62, III. 81, 110 

Tensile Test of Six Eye-bars at Watertown IV. 415 

Test ('ominiHslon, Appointment of U. 8., T. Egleston III. 80 

" " (Circulars of IV. 31 

Report of Committee on IV. 29, V. 9 

Work of First II. 62 

Test of Bridge Material II. 541 

Testing Laboratories II. 418 

Tests of Edison-Porter Dynamo III. 223 

Floors in Beton House IV. 393 

" Oils I. 89 

• Oils, Frictional I. 95-107 

• Fluidity L 108-112 

l^nt pipe IV. 406 

Hiveted Steel Boiier-plate IV. 430 

Springs V. 187 

Si>ruce Beams IV. 125-131 

St.H I Phosphides and Sulphides III. 120 

Turbines III. 79 
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Tests of U. S. SieaiiKTS I. 186 

Thanks, see Resolutions. 

TJieorem of Rankin^ on Single-acting KxpanMon Engine^ W. P. 'i'low- 

bridge 111. 285 

Theory of Corrosive Action of Mineral Wool III. 229 

Theory of Efficiency of Real Engines III. 262 

Thermal Unit as Standard of Evaporation V. 288 

Thermo dymnnit^ of Worthington and other Go7npouttd Engines, S. W. 

Robinson III. 180 

Thermo-Electric Generation of (^urront IV. 87 

Thermometers for Feed-water V. 71 

Thompson, C. T., disc. Beton as Building Material IV. 403 

Three-cylinder Engines L 178 

TiruBBTON, R. H., Tnavgural Address, 1880 I. 7 

Ratio of Expansion at Maximum Effieiency II. 128 

Note on the Regulation of the Steam Engine II. 888 

Annvni Address, 1881 II. 415 

Introdit<^tion to HoUey Memorial Session III. 28 

The Several Efficiencies of the Steam Engine. III. 245 

Mech/tnical Engineer , his Work and his Policy, : IV. 75 

Effect of Prolonged Stress on Iron IV. 224 

*' Note on Water haminer in Steam Pipe^ IV. 4C4 

** Pressure ObtainMe by the Use of the Drop Preaa V. 58 

** ** Letter on Inclined Screw Propulsion II. 456 

Diagram of Efficiency III. 367 

disc. Friction of Lubricating Oils • I. 118 

** ** *♦ Hollev's Basic Bessemer Plant 1. 187 

** Fricti(m as a Factor I. 152 

** " Efficieucv of the Crank L 287 

** ** •* Calorimeter as Pyrometer IL 58 

'* ** ** Experimental Meclianics II. 58 

'* Trenton Rod Mill II. 75 

** " ** Standard Measurements IL 88 

" •* *' Most Economical Point of Cut-off II. 203 

*' ** ** Counterbalancing of Engintb . 11.870 

** •' ** Nomenclature of Machine Details IL 868 

** Mill Floors IL 497 

" Tost Commission IIL 108 

** •* ** Chronograph for Engineering Purposes IIL 188 

Built-up Work in Engine Construction IIL 187 

Averaging Machines IIL 907 

»* ** " Expansion of Steam and Water. III. 216 

*' •* ** Edison-Porter Steam Dynamo Ill, 227 

" Mineral Wool .' UL 281 

** " Adjustable Cut-off for Marine Engines IV. 140 

** New Valve Motion ... V. 45 

*' ** *• Non-conducting Coverings V. lOl 

TUting Water Miter for Purpose* of Expcnmeni, J. C. Hoadley V. 68 

Time of Exposure in liower-Barff Process IV. VSl 

•• •* Oscillation of Spring V, 188 

Tor]>edo Boats FV. 
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